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Flexible Shafts simplify manufacturing 
operations — lead to improved designs 


ossibilities are many when you 


Cost-savings P 
se useful mechanical elements 


design with the 
NO OTHER SINGLE MECHANICAL ELEMENT 
solves power drive and remote control 


problems as simply and economically as 
an §.S.White flexible shaft. 









Giving alignment 


problems the ““go-by” S.$.WHITE 


FLEXIBLE Savings through Simplification 


























SHAFT 






NOT ONLY DOES 4 flexible shaft pro- 
vide a vibrationless drive in this 
sensitive recording pyrometer, but it 
eliminates the need for accurate 
alignment of the connected spindles. 
The ability of a flexible shaft to oper- 
ate under conditions of misalignment 
is a feature that is of extreme impor- 
tance in many remote control and 
power drive installations. 


90° ELBOW 


A truck recorder drive in which a 3” 
flexible shaft replaced a set of bevel 
gears and straight shafts. Result: fewer 
parts, lower cost and elimination of fail- 
ures caused by high starting torque of 


the gears. 























Here is a bulletin every 
designer should have 


Bulletin 5601 contains the latest 
information on flexible shafts. In- 
cluded are full details on how to 
select and apply power drive and 
remote control flexible shafts as 




















well as up-to-date tables showing 
flexible shaft sizes and character- 
istics. Send for a copy. 


4 stondard flexible shafts replaced the 
35 ports formerly used to control this 
dual hydraulic power unit. Result: a 90% 
cost savings and 100% improved per- 





formance. 
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For instance, the ability of an S.S.White 
flexible shaft to operate around turns and 
under conditions of misalignment is a big 
help in simplifying drive or control set- 
ups. It means that a single flexible shaft 
can often be used in place of whole sys- 
tems of bevel and worm gears, solid 
shafts, universals, etc. Naturally, with 
fewer parts to handle, production time 
and costs can be trimmed. 


Improved Designs 


Simplification is not the only advantage 
offered by an S.S.White flexible shaft. 
It gives greater leeway in locating 
coupled parts to insure greater efficiency, 
easier operation, grea ter compactness, or 
more attractive appearance. 


Reduced Layout Time 


Not the least of a flexible shaft’s advan- 
tages, is the ease with which it can be 
applied. There are no gear ratios to work 
out—no alignment problems—no worries 
about tolerances on bearing and journal 
fits, about special machining, etc. And, 
the wide range of physical characteris- 
tics and sizes available, make it easy to 
meet a diversity of requirements. 





IN FLEXIBLE SHAFTS / 














4. 10 EAST 40th ST., NEW YORK 16, N.Y: 
Los Angeles 6, Calif. cicje 501 on page 19 
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Why Bodine Motors 


were selected 
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ie 
This is a Remington Rand model “99” printing ae ELECTRIC MOTOR: ‘a 
calculator. It’s a fully automatic machine. FOR: ‘a 





















for Remington Rand 
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automatic calculators 











multiplies, divides, adds and subtracts. figures involved in calculation, only the essen- 


? Just a light touch from the operator and it 3 It gives her the answer without printing all the 
tial figures are printed. 





matic printing calculator is powered by this 
series wound Bodine motor. 


Rand’s development engineer for adding and 
calculating machines. 





4 The mechanism of the Remington Rand auto- ; This gentleman is Mr. B. H. Tingley. Remington 





"Our requirements demand a 
k motor with a high torque for 
2g its size. The Bodine motor nes 
meets these requirements 
without excessive temperature 
d, rise. We have found that FR he ie | NJ Ee 
ee eet used in our i 
dding and Calculating j 
to Machines, to be exceptional | fractional horsepower 
for reliability and i 


performance." : t M Cle R —) 

















Rand? Mr. Tingley gives his answer above... uct. Contact Bodine Electric Co., 2258 W. O) 


" Why are Bodine Motors used by Remington ] Be sure your motor is as good as your prod- 
St., Chicago...or check your Sweet's file. 
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SHAFT-TYPE Ol SEALS More than 20 types, forming over 7,500 size combina- 
tions for shafts from %4” to 50” O.D., are available — thousands from stock. 
These seals are used for the vast majority of shaft sealing problems from simplest 
dust exclusion to high-speed, high-temperature fluid retention and foreign 
matter exclusion under extremely rugged operation where high sealing efficiency 
must be maintained over long service life. 


covers this wide ran of produ 

































END FACE SEALS For critical sealing problems outside the capabilities of 
shaft-type seals, there are C/R End Face Seals, which operate on the principle 
that two smooth, flat surfaces, one rotating on the other at right angles to the 
shaft, form a leakproof seal. They require minimum pressure to maintain face 
contact, create minimum friction, heat and power loss, and give unsurpassed 
performance under the most severe conditions. 

Typical applications of C/R End Face Seals include: sealing track rollers of 
crawler tractors; sealing high-speed accessory drives in aircraft; sealing medium 
speed applications such as gear cases of washing machines, dishwashers and 
similar home appliances. 


SIRVENE SYNTHETIC RUBBER PRODUCTS The advanced level of compound- 
ing and molding elastomers and special materials to critical tolerances achieved 
by C/R Sirvene Engineers is a widely established fact. They will design, com- 
pound and produce a part to your exact specifications of hardness, elasticity, and 
resistance to aging, temperature, oils, solvents or chemicals — with dimensional 
uniformity and consistent high quality, regardless of quantity. Holding to 
extremely close tolerances is standard procedure. A typical list of products 
includes oil seal packings, diaphragms, cups, boots, gaskets, plugs, impellers, 
valve inserts and way wipers — to name but a few. The experience and facilities 
available to you from C/R’s Sirvene Division are unrivaled in the industry. 


SIRVIS-CONPOR MECHANICAL LEATHER PRODUCTS The typical range of 
mechanical leather products includes oil seal packings, cups, boots, washers, 
gaskets, couplings and valve discs, but encompasses any part wherein high 
tensile strength, flexibility, high resistance to pressure, wear, shock, and vibra- 
tion are desired. Cups of C/R’s Conpor impregnated Sirvis leather products 
are operating at pressures up to 10,000 p.s.i. They are insoluble in most hydraulic 
oils and compatible with a wide range of other oils, solvents and gases. C/R 
boots of Sirvis leather, canvas, nylon or elastomer impregnated fabric can be 
produced in sizes two stories high or not bigger than your thumb for use in the 
protection of eccentric, universal or reciprocating action. Whatever your sealing 
or protection problem, bring it to Chicago Rawhide. C/R Engineers are con- 
stantly developing new mechanical leather designs for special and universal 
application. 





Please write direct or contact your nearest C/R sales engineer about your problem in fluid sealing or related fields. 


op > @ op: Ucie) 
RAWHIDE 


Export Sales 


C/R Products 
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The Hard Core Editorial 


Engineering Organization _ . see. « 5: een aaa By Philip Marvin 


Four steps in building a sound framework for engineering operations. 


Scanning the Field for Ideas ; 
Accurate copying of intricate shapes — positive motion control — spray-on 
“potting” — adhesive-tape pick-up mechanism — cold-formed die castings 


Static Glectrical Contvels ....................... By John C. Ponstingl 
A comprehensive design manual on static control devices: basic design re- 
quirements, functional uses, operating considerations, design characteristics 
logic functions, applications. 


Translating Screw Threads ....-............. By Robert V. MacKenzie 


A basic guide to selection and application of screw thread forms developed 
for transmission of motion and power. 


Hydraulic Servo Components By J. M. Nightingale 
Part 1 — How input elements, error detectors, valve amplifiers and power 
supplies affect performance of servo systems. 


AC and DC Electric-Motor Drive ....................... By B. Schwarz 


A survey of basic mathods of speed control and adjustment for drive sys- 
tems using rotating dynamoelectric machines. 


Epicyclic Gear Systems | By H. G. Laughlin, A. R. Holowenko and A. S. Hall 
Data Sheet — Design charts and equations for analysis and development 
of systems with branch control circuits for specific applications. 


Metal-Ceramic Friction Materials By W. H. DuBois 


Selecting Engineering Personnel By J. M. Parish 
Controlling Induction Motors 


By P. L. Alger and Y. H. Ku 


Contemporary Design: 
impact tool, 199 


High-temperature creep testing machine, 105; electric 


Tips and Techniques: Deleting tracing information, 85; lettering system, 85; 
checking pencils, 118; protecting drawings, 118; 
138; pencil holder, 138. 


improved paper cutter, 


86 


89 


106 


114 


129 


139 


141 


142 



















SIZE 0 SIZE} ‘$182 


With the addition of the new size 4, the famous 
CLARK line of Type“CY” Magnetic Motor Starters 
now comprises the full range from 0 to 4. This 
means that Clark starters of the proven “CY” design 
incorporating vertical lift magnets are now avail- 
able for more than 95% of industry’s AC require- 
ments. For installations requiring sizes 5 and larger, 
Clark will continue to supply dependable clapper- 
type starters. 


Clark Type “CY” starters have many outstanding 
design features for more dependable operation, less 
maintenance and longer life. For example—rugged 
construction with twin-break contacts means more 
trouble-free service ... contacts can be inspected 
without tools . .. movable and stationary contacts 
can be removed and replaced quickly, coils changed 
and the entire magnet assembly removed—all from 
the front—without special tools and without 
removing the starter from the cabinet or panel. 








SIZE 3 


CLARK Type CY* Starters now available in sizes 





Revolutionary arc-quenching principle is an exclusive 
feature of all Clark Type “CY” starters sizes 2 and larger. 
It combines twin-break contacts with strong multi-turn 
magnetic blowouts which force the arc to rotate—alter- 
nately lengthened and confined—so that it moves 
continuously from a hot to a cold spot on the contact 
surfaces. This practically eliminates metal build-up or 
pitting and greatly increases contact life. 


For complete information contact your nearest Clark sales 


office or write us direct. 


Ve CLARK € CONTROLLER 


Engineered Electrical Control 1146 East 152nd Street « ° Cleveland 10, Ohio 










IN CANADA: CANADIAN CONTROLLERS, LIMITED 
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Big Cap Screws Made 
For Wind Tunnel Nozzle 


CLEVELAND, O.—Fifty giant hexag- 
onal socket-head cap _ screws, 
measuring 414 in. diam and having 
a combined weight of 2 tons, will 
be used in the supersonic nozzle 
assembly of the largest propulsion 
wind tunnel in the U.S. The tunnel 
is being constructed by the Army 
Corps of Engineers for the Air 
Force at the Arnold Engineering 
Development Center, Tullahoma, 
Tenn. The screws are being made 
by the Cleveland Cap Screw Co. 

Two lengths of screws are being 
made: 1034 in. and 91% in. Head 
diameters are 5% in. and the in- 
ternal hexagonal sockets are 214 
in. across flats. Each screw is 
turned from a 125-lb blank of 
high-carbon chrome molybdenum 
steel, AISI 4140. Finished weight 
per screw is about 80 lb. 

Despite the size of the screws, 
the threads are Class 3 fit. Fol- 
lowing heat treatment to a Rock- 
well C hardness of 38-42, the 
screws are ground to a 32 mu in. 





Giant size and silver finished, this 
is one of 50 cap screws to be used 
in a mew supersonic wind tunnel 


nozzle. Finished weight of the 
4l/, in. diam screw is 80 Ib. 
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TAILORED TO THEIR JOBS, these two new Lockheed planes show the 
contrast in design of aircraft developed for different missions. The 1649A 
Super Constellation in the foreground is the longest-range airplane in the 
world, capable of flights up to 6300 miles without consuming fuel reserves. 
Its 150-ft wing, with aspect ratio of 12, is the longest of any transport, car- 
ries 9600 gallons of fuel. The 1049H in the background has the same fuse- 
lage dimensions as the airliner but is intended primarily for cargo. Its 123-ft 
wing has an aspect ratio of 8.5, lifts 20 tons of cargo. 





finish and silver plated 0.005 to 
0.008-in. thick over a nickel under- 
coat. 

The variable nozzle in which the 
screws are used will produce 
speeds between Mach 1.5 and an 
estimated Mach 5.0. Test section 
of the tunnel will measure 16 by 
16 ft. Four motors on one shaft 
drive the tunnel compressor. 


Aircraft Landings Simulated on 
Tester Driven by Water Jet 


LANGLEY FIELD, VA.—Unique new 
research equipment with power 
sufficient to hurl loads represent- 
ing the weight of B-29 bombers up 
to take-off speed in less than 2 
seconds is now in operation at the 
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New facility of the NACA at Langley Field, Va., is 
this Landing Loads Track for testing aircraft landing 
gear, wheels and tires. The carriage is catapulted along 
a 2200-ft track at speeds up to 150 mph. The catapult 


Langley Aeronautical Laboratory 
of the National Advisory Commit- 
tee for Aeronautics. Known as the 
Landing Loads Track, the testing 
installation was publicly demon- 
strated for the first time recently 
during the NACA’s 1956 Trien- 
nial Inspection of the Langley Lab- 
oratory. 

Principal component of the test- 
er is a 50-ton carriage which is 
catapulted by a hydraulic jet at 
speeds up to 150 mph along a 2200- 
ft track. The carriage is haited 
during the last 600 ft of its run by 
20 arresting gears similar to those 
on aircraft carriers. Tests will be 
made of full-scale landing gear and 
other aircraft parts. 

The test carriage, as big as a 
house, serves as a frame to trans- 
port the drop test rig on which 
landing gear is mounted. When 
ready for catapulting, the carriage 
is positioned at a nozzle on an L- 
shaped tank. Water in the tank 
is under 3260 psi air pressure. 

On catapulting, water is emitted 
through the nozzle at a maximum 
velocity of 660 fps by a remote- 
controlled, quick-opening valve. 
Carriage velocity is governed by 
both the length of time the valve 
is open and by the air pressure. 
As the carriage is fired, the water 
jet is reversed by a _ specially 
shaped bucket attached to the 
main carriage. The jet stream pro- 
duces a thrust of 400,000 Ib, ac- 
celerating the carriage to 150 mph 
within 400 ft and 3% seconds. 
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Instruments provide data on the 
shock absorbing properties of land- 
ing gear, the physical nature of 
skidding during wheel spin, the 
elastic behavior of tires in yawed 
rolling, and similar characteristics. 








LARGEST RESISTANCE SPOT 
WELDER of its type is the claim 
for this new model developed by 
Federal Machine and Welder Co. 
The machine is 131, ft high; weighs 
more than 58,000 lb. Special throat 
of approximately 2100 sq im. ac- 
commodates a portion of the tail 
section of the largest commercial jet 
airliner, mow under construction. 
Three-phase unipolar transformer in 
the welder supplies 100,000 amp 
and is also the largest of its type. 


consists of a single jet of water forced from an L-shaped 
tank (left) into a bucket on the carriage. An arm on 
the carriage (right) will also tow models on hydrody- 
namic test through the water basin next to the track. 





Photographic Dye Process 
Used for Optical Reticles 


PASADENA, CALIF.—A process for 
making optical reticles and similar 
precise markings on glass uses pho- 
tographic dye to produce image 
elements as small as 5 microns. 
Called Diadur, the process is be- 
ing introduced in the U. S. for the 
first time by Bushnell Optica] En- 
terprises by arrangement with its 
German originator. 

The Diadur process reproduces 
a master line drawing on glass 
as a precise photographic dye im- 
age more durable than the glass 
itself. It is claimed that a master 
pattern can be reduced photograph- 
ically to microscopic proportions 
without loss of detail. The finest 
cross-hatching in one example is 
5 microns wide. Measuring scale 
reticles can be made as long as 
1200 mm with a linear accuracy 
of 1 micron in 250 mm. 

Advantages claimed for the proc- 





Front Cover 


Since this is a special issue on drives 
and controls, it’s only natural that 
artist George Farnsworth has picked a 
broad cross section of drive and con- 
trol devices to display on the front 
cover. Symbolically portrayed are hy- 
draulic gimmicks, mechanical compo- 
nents, and electrical equipment. Also 
included are several static electrical 
controls, the subject of John Ponstingl’s 
feature article beginning on Page 89. 
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There is a complete line 
of Hanna Cylinders to suit 
all requirements of size 
and mounting .. . in ca- 
pacities up to 250 psi for 
low pressure air or hy- 
draulic operation, and up 
to 1500 psi hydraulic. 












for Dependable Fluid Power 


and Reliable Controls HANNA 
VALVES 


Designed to assure most 

efticient control, there 

are many types and sizes 

of Hanna Valves avail- | 
able for hand, foot and 

electric operation, for au- 

tomatic, remote and speed 

controls. 

































It may not take over half a century to design “standard’’ Hanna cylinder or valve to suit ' 
and build a superior line of cylinders and valves your “‘special’”’ jobs. 
. . . but the experience a company compounds _e A plant engineering staff that backs a nation- 
in that time surely helps. Hanna has that wide regional engineering-sales organization to 
background. help you quickly solve difficult problems—and 
What does it mean to You, today—in terms *° follow through on all your “needed now” 
of cylinders and control valves? — Basically requirements. Many _ Hanna Representatives 
these important things: stock the standard sizes and types of Hanna 
. Products—the Hanna Plant, of course, does, too. 
¢ Products designed and manufactured to the Whether you need cylinders and controls for 


very highest standards of performance .. . : het te ff fi 
not built down to a price—although they are oe pom ‘ et fas por gc pte ox gto 


competitive. sentative (see classified telephone directory or 
e A line so complete that you can specify a Thomas’ Register) or write us direct. 


Hanna Engineering Works 


HYDRAULIC AND PNEUMATIC EQUIPMENT...CYLINDERS...VALVES 
1751 Elston Avenue, Chicago 22, Illinois 
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ess are that identical duplicate 
reticles can be made in any quan- 
tity at low cost. No protective cov- 
er glass need be used with Diadur 


reticles, and images may be pho- 
tographic negatives or positives. 
Degree of reflection may range 
from 6 to 60 per cent. 








New entry in the small car market is this German-built Isetta. It can be 
parked in a 71/4 ft space and can travel 60 miles on one gallon of gas. 


Small Car for Three Features 
Low Cost, Easy Handling 


New York, N. Y.—Recently in- 
troduced to the American car mar- 
ket is the German-built Isetta sell- 
ing for less than $1000. Maximum 
speed over 50 mph and gas econ- 
omy of 60 miles per gallon are 
claimed. 

The fan-cooled, four-stroke en- 
gine has 7 to 1 compression ratio 
and is rated 13 bhp. Transmission 
provides four forward speeds, one 
reverse. Front wheels have coil 
springs and rear wheels have quar- 
ter elliptic leaf springs. Tire size 
is 4.80-10. 

Wheelbase is 58 in., length 89.9 
in., width 54.3 in., height 52.6 in., 
weight 770 lb. The car can turn 
completely in a 24-ft circle. 





Main entrance to the Isetta is the 


single front door. Steering wheel 
tilts away from driver. Seat is wide 
enough for three persons. Sun roof 
pulls back for clear days. 





General Electric Co. has opened 
its $1,000,000 bearing and _lubri- 
cant center in Schenectady, N. Y. 
The new center is equipped to 
carry on advanced development 
work relating to atomic sub- 
marines, jet engines, missiles and 
satellites, as well as to provide a 
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facility for improving turbines, 
motors and household appliances. 
General Electric officials foresee 
the study of revolutionary concepts 
in bearing design, such as air bear- 
ings and the use of molten metal 
and molten glass as supersonic 
lubricants. 





Topics 


New dual control system for 
driving instruction can be installed 
in minutes, permits the instructor 
to step on the clutch or brake, and 
costs just $25 for standard or 
$30 for automatic transmissions. 
These things would also make 
dandy Christmas presents for 
back-seat drivers. 
ee ee @ 

For the GI, a foxhole digger 
has been developed to make 
a 4%-ft diam, 4-ft deep hole in 
90 seconds. A rocket is driven 
into the ground at the proposed 
foxhole site and explodes in 15 
seconds, leaving the required hole. 

. * = 

Nobel Prize in physics for 1956 
was awarded to three Bell Tele- 
phone Co. laboratories researchers 
for development of the transistor. 

ee e@ e@ 

U. S. atomic-powered bomber 
may not get off the ground until 
1960, two years later than origi- 
nally planned and, very likely, 
after Russia has such a plane 
flying. Main reason reported for 
deferring completion of an A- 
bomber is that high priority is 
being given to designing a so- 
called “chemical” plane powered 
by new super fuels. 

ee e @ 

Government Research Informa- 
tion program has undertaken wider 
distribution of unclassified basic 
research information. Some 20,000 
technical reports are issued an- 
nually by groups doing govern- 
ment-sponsored research. 

e ee 

First-run movies on TV are con- 
templated by Bartlesville, Okla., 
viewers. Features being shown 
locally are to be sent to sub- 
scribers throughout the city by 
means of a cable and will be 
shown on a channel not used for 
commercial broadcasting. 

e e @ 

Studebaker-Packard Corp. enters 
the heavy-duty truck field with 
1957 models. They range from 
1%4-ton pickups to 2-ton models. 

ee e@ @ 

False-alarm foiling is an advan- 
tage of a recently patented fire 
alarm box. To turn in an alarm, 
a person must enter a booth-like 
structure and close the door. 
Pulling the alarm lever locks him 
inside the booth, where he stays 
until firemen arrive and receive 
further instructions from him. Or 
vice versa, in the case of a 
false alarm. 
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This angular gear arrangement drives both a blower and a pump on a twin rotor 
helicopter. Gleason engineers made design and production recommendations and pro- 
duced prototypes for the manufacturer. 

Combination: 18 x 34 x 41; D.P. :7.56; Face 43"; Tooth Spacing—within .0003”, 


You can solve your angular power 


transmission problems, too! 


The designers of this gear unit 
achieve greater flexibility within a 
limited amount of space by placing 
the drive shafts at an angle and using 
one source of power to drive two 
auxiliary units. 

Perhaps a similar gear drive would 
make your product designs more flex- 
ible. Such bevel gear drives permit a 
more compact design requiring less 


weight and the ability to carry higher 
loads. 

Our engineers are ready to help 
you work out applications for bevel 
and hypoid gears—just as they 
helped the helicopter manufacturer 
with the design illustrated above. 

We recommended the proper gear 
sizes and reviewed the mountings and 
lubrication for the drive. Then we 


_ GLEASON WORKS 


ayy Builders of bevel gear machinery for over 90 years 


VARA » 
eo ALA iN 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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produced and tested prototypes of 
the unit. 

If you would like to discuss an 
application with one of our repre- 
sentatives, please write. You will also 
find these Gleason Technical Hand- 
books helpful: 20° Straight Bevel Gear 
System; Spiral Bevel Gear System; 
ZEROL Bevel System. 
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Rounding Up the 1957 Automobiles—2 


[_ = other 1957 models, the six cars described in 
this issue feature new styling. Emphasis is 
placed on longer, lower body styles, 14-in. wheels, 
rear fender fins and increased windshield area. Sev- 
eral makers are adding new models to their lines. 
Mechanical improvements are numerous, including 
redesigned brakes, carburetors that increase horse- 
power, new suspension systems and a supercharger. 


PLYMOUTH 


Overall heights of 1957 Plymouths are as much as 
5 in. lower than corresponding 1956 models. Wheel- 
base has been lengthened 3 in. in standard models, 
7 in. in station wagons. Four series, including 33 
models, are available. The 12 station wagons include 
nine-passenger models which have a rear-facing third 





seat. The second and third seats of all station wagons 
fold into the floor to provide maximum cargo space. 


Engine Specifications 














Powerflow 6* Hy-Fire V-8* 
Type .. L-head, In-Line OHV, Vee 
No. cyls.. ‘< 6 8 
Bore & stroke (in.) .......... 3.25 x 4.63 3.75 x 3.13 
Displ. (cu in.) ..... . 230 277 
Comp. ratio . 8.0 tol 8.0 tol 
Bhp, max dot alareimdiires , 132 @ 3600 197 @ 4400 
Torque, max (iIb-ft) . ‘ ® : 205 @ 1600 270 @ 2400 

Fury 3018 Fury 301 Quad 

Type .. OHV, Vee OHV, Vee 
No. cyls.. ; 8 8 
Bore & stroke (in.) 3.91 x 3.13 3.91 x 3.13 
Displ. (cu in.) .. ‘ : 301 301 
Comp. ratio .. 8.5 tol 8.5 tol 
BA. GREE ccccccics one 215 @ 4400 235 @ 4400 
Torque, max (lb-ft) 285 @ 2800 305 @ 2800 





*Standard on all 6-cyl. models. 

?tStandard on Plaza V-8 models 

§Standard on Savoy, Belvedere and Suburban V-8 models 
tOptional on all V-8 models. 


Size and Weight 
Suburban Models All Others 





Wheelbase (in.) : 122 118 

Length (in.) . - 213.1 204.6 
Width (in.) 78.2 78.2 
Height (in.) 56.9 56.6° 
Weight (Ib) . os 3420° 








*Four-door sedan 
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Ball-joint, torsion-bar suspension is incorporated 
in the front end of the Plymouth; leaf springs have 
been relocated in the rear. New frames have five 
heavy crossmembers to provide strength. Low-pres- 
sure, 14-in. tires hold more air than previous tires 
and absorb more shock. 

Greater displacement and higher compression ratios 
have increased horsepower. Conventional manual 
shift, overdrive, pushbutton Power Flite and push- 
button Torque-Flite transmissions are available. New 
1l-in. total-contact brakes work with 25 per cent 
less effort than previous types. 

Other features of the 1957 Plymouth include great- 
er glass area; a windshield wiper that clears more 
area; high-capacity, high-pressure cooling system; 
and optional swivel-mounted defrosters and heater 
that permit warm air to be directed where desired. 


CADILLAC 


The Cadillac line for 1957 includes ten body styles 
on three wheelbases. Two cars in the 1957 line are 
new four-door hardtop models. In exterior colors, 
more than 500 solid and two-tone combinations are 


available. 


The main feature of the 1957 line is a 





new body frame which has enab'ed the overall height 
of most models to be lowered as much as 3 in. 
The new Cadillac body is secured to outrigger 
mountings where formerly the body was secured to 
side rails. The new frame is called a tubular center 


Engine Specifications 





DD. ccveadnckirud panos : - 8 
oo are ee 4.0 x 3.625 
Displ. fcu in.) ...... a 365 
Comp. PREIS ..cccce. 10 tol 
 — ae 300 @ 4800*° 


Torque, max (lb-ft) ...... 400 @ 2800 





*325 hp available in Eldorado models. 
Size and Weight 








Series 62 Series 60 Series 75 
Wheelbase (in.) .......... 129.5 133 149.75 
Length (in.) Laeoees ewes 215.9°* 224.4 236.2 
WHER GRR) ccccccccccccs 80 80 80 
BD GUD “Sas ce wccccscse 59.1° 59.1 61.6 


We GD wcccwcccccscce 4594*° 4755 





* Four-door sedan. 


MACHINE DESIGN 









































FOUR-YEAR FIELD TEST PROVES DEPENDABILITY 
OF NEW DEPARTURE DISC HARROW BEARINGS! 


No failures in more than four years of tests! Implement manufacturers save, too, with these 
Here’s proven dependability with a bonus! For ball bearings . . . available in square or round 
this performance by New Departure heavy-duty bore. Simple, inexpensive mounting eliminates 
disc harrow bearings includes the economy of the need for expensive component parts. 
virtually zero maintenance. With efficient triple- Use the handy dimension chart below for 
lip seal design, lubricant is sealed in, dirt, dust, more information about New Departure farm 
and wear sealed out. Extra-heavy rings give implement bearings. Or, write direct for full 
maximum shock resistance . . . insure dependable details to New Departure, Division of General 


























service under severe operating conditions. Motors, Bristol, Connecticut. 
PRINCIPAL DIMENSIONS FOR TYPE III BEARINGS ’ 
Bearing No. Shaft Size Out. Dia. Width -_ i 
Sealed Nominal Spherical Inner Outer Flange No. 1 
AS4508FC %" Square 3.438 1.688 1.312 FL87 ! 
AS4508AC Y” Square 3.438 1.688 1.312 FL87 
AS4508BC 1%” Square 3.438 1.688 1.312 FL87 
AS4511AC 1%” Square 4.125 1.750 1.438 FLIOS* 
AS4508DC 1%" Round 3.438 1.688 1.312 FL87 
AS4509BC 1%” Round 3.438 1.688 1.312 FL87 
*See New Departure representative for availability. 











Ball Bearings Make Good Machines Better 





Available in square or round bore 
with spherical O.D., for flange 
mounting. Also with cylindrical O.D., 
for “TRUNNION” hanger mount. 









WATCH “WIDE WIDE WORLD” 
SUNDAYS—NBC-TV 






NOTHING ROLES LEKE A BALE 
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X-type. On the series 75 Limousine, the new frame 
weighs 3.5 per cent less than the 1956 counterpart, 
but torsional rigidity is 18 per cent greater and stiff- 
ness 16 per cent greater. The new frame is con- 
sidered particular!y suited for four-door hardtop styl- 
ing. All four-door bodies except the Limousine have 
only two side windows and no center posts. 

Front suspension is spherical joint type with brak- 
ing dive control. Rear suspension uses semielliptical 
springs moved outward, closer to the wheels than 
formerly. Front and rear tread are both 61 in. 


St'yling refinements and a new V-8 engine rated 
at 255 hp are features of the Hudson line for 1957. 
The Hornet V-8 series is available in super and cus- 
tom four-door sedans and two-door hardtop models. 
Exterior finishes include 15 solid colors, 12 two-tone 
combinations and 5 three-tone styles. The V-8 en- 
gine is equipped with a four-barrel carburetor and 
dual exhausts as standard equipment. Ease of ac- 
cessibility and servicing were objectives in its design. 

The engine is available with three transmissions: 
standard synchromesh, optional automatic overdrive, 
and optional “Flashaway” Hydra-Matic. Improve- 


ments in the “Flashaway” automatic transmission are 
intended to provide smooth and silent shifting in a! 
ranges. A new “Park” position has been added for 
safety in parking. 

Equipped with 14-in. wheels, the 1957 Hudsons are 
2 in. lower than 1956 models. For passenger safe- 
ty, Hudson bodies and frames are welded as a single 
unit. Kingpin type front suspension has been re- 


Engine Specifications 





_ bbe eCEdengecvereban sUeksdsb nes OHV, Vee 
We. GM .cce Sbedobt sucuceseetvedee 8 
ee Ge ee GED car ccensesocndeunasee 4x3% 
Displ. (cu im.) ...... bkese boneebas 327 
Comp. 9.0 tol 
_ rer eererrrt ree 255 @ 4700 
ees Ge OD 46nd cc écntcatewia 345 @ 2600 








Wheelbase (in.) 

Length (in.) 

Width (in.) 

Height (in.) eeeecse eenessee 
ME GED SSS Rese ereectccsncesscseuesces 





*Unofficial, for four-door sedan. 


placed by a steering knuckle assembly which pivots 
on antifriction bearings. 


STUDEBAKER 


The Studebaker line is composed of 11 sedans and 
four station wagons in three series. A four-door 
station wagon is available for the first time. 


Introduced with the 1957 models are variable-rate 
coil springing and a Twin-Traction axle with nonslip 
power-dividing differential. The new type of sus- 
pension adjusts automatically to varying loads 
throughout the spring range. The safety differential 
automatically divides power between the rear wheels 


Engine Specifications 


Champion Series ; 
Sliver Hawk 6 





Commander 
Series 





L-head, In-Line OHV, Vee 


6 
Bore & stroke (im.)......--ss+e++. 3x4% 
Diapl. (66 09.) cccccccccccccccccccs 185.6 


Comp. ratio 7.8 tol 
101 @ 4000 


Torque, max (lb-ft) 152 @ 1800 


8 
3% x3% 
259.2 
8.3 tol 
180 @ 4500° 
260 @ 2800 





President Series ; 
Sliver Hawk V8 


Golden Hawk 





Bore & stroke (im.)........se+-0- 3% x 3% 

BE: GUD Gis 06 do cecconndepteees 289 

Comp. ratio 8.3 tol 
210 @ 4500f 


Torque, max (Ib-ft) 300 @ 2800 


OHV, Vee 
8 
3% x 3% 
289 
7.8 tol 
275 
333 @ 3200 





*195 @ 4500 with optional 4-barrel carburetor. 
1225 @ 4500 with optional 4-barrel carburetor. 


Size and Weight 





President 
Classic 


President, Commander 
and Champion Series 





Wheelbase (in.) 120% 
Length (in.) 206% 
WERE (BR) ccccccccces . 75.8 
Height (in.) 60.4 
Weight (in.) 3270 





*President 4-door sedan. 
tGolden Hawk model. 


to compensate for lack of traction in one. 


Up to 80 


per cent of driving force can be transmitted to one 


wheel. 


Overdrive and Flightomatic transmissions are 


MACHINE DESIGN 











This 
ha so 


Plant i 
lading 
trates 
Tolhurst 


ny speed tor you To 


TT 


establish new dled 


and economy records 


Any desired speed from zero to maximum... 
any rate of acceleration . . . any rate of decel- 
eration . . . any rate of hydrodynamic braking 
... any speed adjustment between operations 
... synchronization of two or more drives. . 
direct or remote precision speed control irre- 
spective of load, input power or oii viscosity — 
changes... all with Oilgear Fluid Power | 
“Any-Speed” Drives. Old and . 
name them “the drives” for 








Ss -O ; ae Ree he te —. Ekg ad antiwar) es 
2 “+ “ : x pairs WE 5 oa Ge ; 
memes | OILGEAR 
This Centrifuge at powder plant in east 


ha somewhat different application, these 4 Oilgear 60 hp 7g p, id P 
" . : ° d Over 


Any-Speed” Drives serve Tolhurst centrifuges in powder 
plant in the east. Centrifuge accelerates to 300 rpm for 
bading, io 900 rpm for 15-minute centrifuging, then decel- 
fates to 70 rpm for “plowing.” Unloading is automatic. PIONEERS ... NOW THREE PLANTS FOR FLUID POWER 


lohurst is a division of American Machine & Metals, Inc. Circle 510 on page 19 PUMPS, MOTORS, TRANSMISSIONS, CYUNDERS AND VALVES 
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optional on all models. Finned brake drums increase 
cooling area 100 per cent over previous types. Wheels 
are 15-in. diam. 

Five-passenger, sport-type models in the Hawk 
series are styled with outward-canted rear fins and 
a radiator-type grille. They are several inches lower 
than other Studebaker models. Standard equipment 
on the Golden Hawk is a supercharger, a 5-lb, full- 
pressure system that supplies 30 per cent more fuel 
and air mixture to the combustion chamber than 
would customary piston action. 


CHRYSLER 


A new Saratoga series has been added to the New 
Yorker and Windsor series in the Chrysler line for 
1957. Saratogas are made in a four-door sedan and 
two and four-door hardtop models. Nine other mod- 
els are in the line. 

The cars have Chrysler’s new Torsion-Aire suspen- 
sion system, in which torsion bars replace coil springs 





in the front end. Lower control arms, ball joints, 
rubber isolators and a new front sway bar minimize 
brake dip. Brakes are total-contact, center-plane 
type. Low-pressure, 14-in. tires are standard; Cap- 
tive-Air tires are optional on station wagons. 

Other innovations are optional twin headlights, up 
to 40 per cent greater windshield area, recessed door 
handles, anodized aluminum grilles, and a combina- 
tion heater-air conditioner. In the twin headlight set- 
up, the two outside lamps have filaments for high 
and low beam; inner lamps have high beam only. 


Engine Specifications 








Windsor Saratoga New Yorker 
MD ee snes ca Gane pesessevs OHV, Vee OHV, Vee OHV, Vee 
No. cyls ...... . s 8 8 
Bore & stroke (in.) ........ 3.94 x 3.63 3.94 x 3.63 4.0x 3.9 
Bee, GO GAD ccs ccncccess 354 354 392 
Se GD ons cddecvucesks 9.25 to 1 9.25 tol 9.25 tol 
Me, WARE wccace ne 285 295 325 


Torque, max (lb-ft) ....... 365 @ 2400 390 @ 2800 430 @ 2800 





Size and Weight 





Windsor Saratoga New Yorker 
Weeeeese (ia. cisselscéccce. FS 126 126 
BOOGE: GR) césssciscdesseccee BOG 219.2 219.2 
Ween GA) ..ccaieeredds cones 78.8 78.8 78.8 
meee Ga.) i tenmiceasacas<i 57.2 57.0 57.0 
Wen GR? ..candctaeicun 3995 4165 4315 





*Four-door sedans. 
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Horsepower in Chrysler’s V-8 engines is higher 
than in last year’s models. Three-speed pushbutton 
Torque-Flite transmission is standard on New Yorker 
and Saratoga models, optional on Windsors. The 
pushbutton for neutral also serves as the starter 
button, automatically placing the car in neutral when 
it is started. 


PONTIAC 


Three series of Pontiacs in 16 body styles and on 
two wheelbases make up the 1957 line. Overall length 
has been increased 1.2 in., and the cars are lower. 
Wheels are 14-in. diam. Finished with new “Lucite 
lacquer,” the cars are available in 12 solid colors 
and 56 two-tone combinations. 

Wrap-around front bumpers are made with set-in 
oval parking lights. Rear bumpers contain dual ex- 
haust ports. An air scoop the width of the grille sup- 
plies air for cooling the radiator. Windshield area has 
been increased as much as 75.4 sq in. A foot-oper- 
ated parking brake replaces the previous hand-brake. 

The 1957 V-8 engine has increased horsepower and 
higher compression ratio than last year’s. Intake 
valve stems are vented to atmospheric pressure to 





Engine Specifications 
Chieftain Super Chief and 
Series 





Star Chief series 





TD  cecusedigs be caceess OHV, Vee OHV, Vee 
Oh.. GUE... c cedccuasdeuse s 8 
Bore & stroke (in.) .... 3.94 x 3.56 3.94 x 3.56 
ee: GO GAD ccccsece 347 347 
Th Se, nceetsess 8.5 tol 10.25 to 1 
Bhp, max .... _s 227 @ 4600; 252 @ 4600* 


Torque, max (lb-ft) .... 333 @ 2300; 354 @ 2400* 





*Hydra-Matic transmission engines. 


Size and Weight 








Chieftain, Super Chief, Star Chief 
Star Chief Station Wagon Deluxe and Custom 
Wheelbase (inm.) ........+-. 122.0 124.0 
Lamgtth (9B.) cccccccccccsses 206.8 213.8 
WEA GAD Soadcccnsisss sec 75.2 75.2 
Tete CEL) cceccccvessvces 60 60 


Weight (ID) .ccccceccvcccses 356u 3630 





prevent oil from being drawn into the combustion 
chambers under high-vacuum operating conditions. 
Piston stroke has been increased from 31, to 3 9/16 


in. by means of a new crankshaft design. A new 
(Continued on Page 22) 
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RUDDER TRIM TAB ACTUATOR 


— HOOVER ACTUATORS 


iin seen le ii al flex the muscles of the 
Navy’s New Fury Jet 















COCKPIT CANOPY ACTUATOR 
mode! 0-1870 







2 FLIGHT CONTROL ACTUATORS 
mode! D-1900 







2 FLIGHT CONTROL ACTUATORS 
mode! 0-1890 eo 


-— © 


2 WING LANDING FLAP ACTUATORS 
mode! 0-1830 












North American FJ-4 Fury. Now in production at North American's 
Columbus, Ohio division for the Navy, this carrier-based, swept-wing 
jet fighter has a high rate of climb and speed in excess of 690 mph. 













Hidden under the skin of North American’s new FJ-4 
Fury jet are nine custom-built Hoover Electric actuators 










that provide precise, dependable power and control— 






for flying the Navy’s latest Super Jet. 





STABILIZER BUNGEE TRIM ACTUATOR 
mode! 0-1850 









Exactingly designed—and precisely built—for maximum 















performance under all conditions—these Hoover-built L 
Hoover Electric Motors And Actuators Are : : 
electric power control units have been an integral 


Providing Dependable Power And Control ' 
For Operating contribution to American aircraft development for more , 
horizontal stabilizers renee doors than a decade. Aircraft designers, engineers and pilots alike— j 
camera drive tuel jettison actuator "2 

ram air inlet cockpit canopy rely on Hoover dependability—and Hoover has 

landing hook pilot seat actuators always repaid that confidence with Performance PLUS! 

aileron control hydraulic pump 

hot air valve high pressure air pumps Hoover Electric will design and manufacture special actuators and 


motors, special gearing and complete power package units for any 
application—in experimental or production quantities. Write today! 






2100 South Stoner Avenue 
los Angeles 25, California 
Eastern Representative — Columbus, Ohio 














ELECTRIC COMPANY 
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ROTARY SPECIALIZED SEAL ENGINEERING 























There are all sorts of pumps, for all sorts of purposes, 
and Rotary Seals of varying designs are in wide use 
along the whole range. But here’s an application 
where the pump operates under some of the most 
extreme conditions you can imagine—in a heavy- 
duty sewage system. Often, the pump is completely 
drowned while working; and the kind of flowage it 
must handle offers difficulties of its own. 


The Shaft Seal—at the operating heart of the pump 
—must obviously be built to “take it’—and keep 





mechanical 














is developing new ways to assure top performance in 
DIFFICULT HEAVY-DUTY SEWAGE PUMP OPERATION 


on taking it, because constant maintenance or re- 
pairs are inconceivable under the circumstances. 
And, as so often is the case when the assignment is 
tough, it’s a Rotary Seal (custom-designed to meet the 
unusual conditions) which is doing the job. That's our 
business: solving hard Shaft Sealing problems by ap- 
plying the basic Rotary Seal principles which opened 
the way to successful mechanical Shaft Sealing when 
this company introduced them years ago. 


Major assignments for important Seal developments 
are keeping us mighty busy at present; but if spe- 
cial difficulties are besetting your development 
programs, and production quantities of Seals are 
involved, we'll be glad to help if we can. 


2022 NORTH LARRABEE STREET 
shafts CHICAGO 14, ILLINOIS, U.S.A. 


j/rotating 
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BEA DER SERQVECS 


Information Service 


SUBJECT INDEX 





Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





Actuators, Edit. 106, 182; Adv. 15 
Adhesives, for materials handling, 
Edit. 88 


Aluminum and alloys, Adv. 57 
Automobile, small, Edit. 8 
Automobiles, 1957, Edit. 10 
Axles, Adv. 68 


Bearings, ball, Adv. 11, 44 
rod-end, Edit. 164 
roller, Adv. 44, 70, 146 
sleeve, Edit. 164 


Bellows, Adv. 148 


Belts, transmission, Adv. 47, 49, 51, 
150, 200, 205 


Blowers, Adv. 150 

Books, Edit. 184 

Brakes, Adv. 21, 180 

Brass (see copper and alloys) 
Bronze (see copper and alloys) 


Carbon and graphite parts, Adv. 152 
, centrifugal, Adv. 22, 34 

die, cold-formed, Edit. 88 
investment, Adv. 34, 178, 191 
iron, Adv. 159, 175 
nonferrous, Adv. 175 
sand, Adv. 34 
shell-molded, Adv. 177, 178 
steel, Adv. 175 


Cast iron, threaded, Edit. 172 

Chain, transmission, Adv. 195 
Clamps, Adv. 41 

Classified ads, Adv. 206 

Clutches, Adv. 21, 25, 46, 197, 205, 266 
Coatings (see also Finishes) 
Coatings, protective, Adv. 72 
Conduit, Edit. 169; Adv. 24 
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Control, torque, Edit. 119 


Control systems, electric, Edit. 86, 
89, 120, 142, 166; Adv. 50, 78 


Controls, automatic, Edit. 86; Adv. 
30, 186, 196 
electric, Edit. 89; Adv. 66 
hydraulic, Adv. 35 
mechanical, Adv. 153 
pneumatic, Adv. 80 


Copper and alloys, Adv. 145 
Counters, Adv. 152, 199 


Couplings, fluid, Adv. 28 
shaft, Adv. 156, 164 


Cylinders, hydraulic, Adv. 7, 23 
pneumatic, Adv. 7, 23 


Differentials, gear, Edit. 162 
Drafting equipment, Adv. 204 


Drives, adjustable speed, Edit. 120; 
Adv. 13, 30, 45, 151, 164, 179, 
189, 204 


Electric equipment (see specific type) 


Engineering department (see Man- 
agement or Drafting) 


Engineering organization, Edit. 82 


Facilities, general, Adv. 198 


Fasteners, bolts, nuts, screws, Edit. 
5, 156; Adv. 160, 203 
pin, Adv. 165 


Filters, Adv. 40 
Finishes (see also Coatings) 
Finishes, protective, Edit. 169 


Fittings, pipe, tube and hose, Edit. 
154; Adv. 32, 205 


Forgings, Adv. 145 
Friction materials, Edit. 139; Adv. 49 








MACHINE DESIGN is indexed in industrial Arts and Engineering Index Service, both available in libraries, generally 


Gages, pressure, etc., (see also In- 
struments), Edit. 87, 180 


Gaskets, Adv. 73 

Gear shaping, Adv. 31 

Gear systems, epicyclic, Edit. 129 
Gears, Edit. 196; Adv. 9, 173, 183, 209 
Generators, Adv. 38, 71 

Glass, Edit. 154; Adv. 65 
Gyroscopes, Edit. 178 


Hangers, cable, Adv. 41 

Heat exchangers, Adv. 201 

Heaters, Edit. 154; Adv. 174 
Hose, nonmetallic, Edit. 162 


Hydraulic equipment 
type) 


Hydraulic servo components, Edit. 114 


(see 


specific 


Inspection Edit. 192 
Instruments, Edit. 6, 180 
Insulation, Edit. 87 


Lead-plastic compounds, Edit. 174 
Lubrication equipment, Adv. 185 


Machines (see specific type) 
Machining facilities, Adv. 175 


ee engineering, Edit. 82, 
141 


Meetings, Edit. 24 


Metals (see specific type) 


Metal-ceramic friction 
Edit. 139 


Metalworking equipment, Edit. 190 


Motors electric: 
fractional and integral hp, Adv. 1, 
54, 143, 157, 170, 200 
gearmotors, Adv. 180, 183, inside 
back cover 


materials, 


Motors, hydraulic, Adv. 67, 71, 74, 166 
Packings, Adv. 48, 202 
Plastics, Edit. 154; Adv. 26, 36, 187 











SUBJECT INDEX (continued) 





Pneumatic equipment (see specific 
type) 


Potentiometers, Edit. 177 
Powder metallurgy, Adv. 178 
Processing equipment, Edit. 191 
Pulleys (see Sheaves) 


Pumps, Edit. 166, 177, 198; Adv. 190 
hydraulic, Adv. 74, 149, 166 


Rectifiers, Edit. 156 
Reducers, speed, Adv. 42, 77, 162, 173, 
183 


Regulators, pressure, Adv. 27 
Relays, Adv. 192 

Research and development, Edit. 5 
Rheostats, Edit. 164 

Rubber, Adv. 53, 172 


Screws, power, Edit. 106 


Seals, Adv. 2, 37, 193 
mechanical, Adv. 2, 16, 176 


Servos, Edit. 114; Adv. 164 


Shafts, flexible, Adv. inside front 
cover, 168 


Sheaves, Adv. 47, 150 

Ships, nuclear powered, Edit. 23 
Springs, Adv. 169, 203 
Stampings, Adv. 203 

Starters, motor, Adv. 4, 174 


Steel, Adv. 62, 160, back cover 
stainless, Adv. 163 


Switches, Adv. 196 
Systems, hydraulic, Adv. 67 


Testing, Edit. 105, 192 
Thermometers, Edit. 180 
Thermostats, Edit. 159; Adv. 158 
Timers, Edit. 172; Adv. 181, 192 
Tips and techniques, Hdit. 85, 118, 138 
Torque control, Edit. 119 

Torque converters, Adv. 28, 68, 167 
Transformers, Edit. 182 


Transmissions, adjustable speed, Adv. 
45, 52, oo 155, 156, 183, 192, 


Tubing, Adv. 160, 201, back cover. 


Universal joints, Adv. 56, 76, 156 


Valves, Adv. 29, 61, 64 
hydraulic, Adv. 7, 35 
pneumatic, Adv. 7, 80 


Vibration damper, torsional, Edit. 198 


Wire holder, Edit. 196 
Wire and wire products, Adv. 203 
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USE A YELLOW CARD 


for More Information... 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise: | 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 

also numbered, and for greater convenience are indexed below by Item 


Numbers. 








EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 


supply lasts. Just fill in the page number and title of article in the 


place provided on the Yellow Card. 








Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE—descriptions start on page 147 


ITEM 
NUMBER 
Checks & Tags . ; 401 
Power nmeine Bqulp- 
ment . 402 
Suemgings & ‘Deena | 403 
Milling Spindles ........... 404 
eee 405 
Hydraulic Valves .. Stee 
Contract Manufacturing .... 408 
Electrical Tapes ........... 409 
Recording Oscillograph ..... 410 
Roller Chain & Sprockets .. 411 
Clutches & Transmissions .. 412 
Glass-to-Metal Seals mn Jae 
Instruments & Components . 414 
Drawn Welded Tubing ..... 415 
Totally-Enclosed Motors .... 416 
Resistance Welding ........ 417 


NEW PARTS & ENGINEERING EQUIPMENT —descriptions start on page 154 


NUMER 

GEE nev cocccccons 451 
Heating Cartridges ........ 452 
rere 453 
If-Sealing Coupling ...... 454 
Bondable Fluorocarbons .... 455 
Silicon Rectifier .......... 456 
- haan are 457 
Thermostatic Controller .... 458 
Teflon Hose Assemblies .... 459 
PE ons. én 04 edes 6400 461 
ney <3 462 

oy | RRS ae 463 











ITEM 
NUMBER 
Filtering Equipment ....... 418 
Electron Tube Sockets ..... 419 
Static Control Elements .... 420 
Instrument Tubing ........ 421 
Universal Joints .. 422 j 
Rotary Cam Limit Switch .. 423 
Midget Magnetic Clutches .. 424 
Magnesium Alloys ......... 425 
Nylon Bobbins & Washers .. 426 
Signal Generators & Controls 427 
Steel Pipe, Tube & Fittings . 428 
Motor Selector Chart ...... 429 
Welding Fittings & Flanges 430 
MED ins vanncncesens 431 
Multipurpose Fasteners .... 432 
Motors & Collector Rings .. 433 
Lubricating Equipment .... 434 
ITEM 
NUMBER 
Switching Control ......... 464 
Zinc Bright Dip ..... .... 465 
eee 466 
Threaded Cast Iron ........ 467 
Time Switch rein ae 
Lead-Plastic Cunpeent <i. a 
Potentiometer 470 
ee ee 471 
Free Gyroscope ........... 472 
WR. GID oon nos ceecsce 473 
pe ere 474 
Power Guppy .......ccces- 476 
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402 427 
403 428 
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406 431 
407 432 
408 433 
409 434 
410 435 
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Circle item number for 

advertised or described or copies of literature. 
501 526 551 576 601 626 651 676 701 726 751 
502 527 552 577 602 627 652 677 702 727 752 
503 528 553 578 603 628 653 678 703 728 753 
504 529 554 579 604 629 654 679 704 729 754 
505 530 555 580 605 630 655 680 705 730 755 
506 531 556 581 606 631 656 681 706 731 756 
507 532 557 582 607 632 657 682 707 732 757 
508 533 558 583 608 633 658 683 708 733 758 
509 534 559 584 609 634 659 684 709 734 759 
510 535 560 585 610 635 660 685 710 735 760 
511 536 561 586 611 636 661 686 711 736 761 
512 537 562 587 612 637 662 687 712 737 762 
513 538 563 588 613 638 663 688 713 738 763 
514 539 564 589 614 639 664 689 714 739 764 
515 540 565 590 615 640 665 690 715 740 765 
516 541 566 591 616 641 666 691 716 741 766 
517 542 567 592 617 642 667 692 717 742 767 
518 543 568 593 618 643 668 693 718 743 768 
519 544 569 594 619 644 669 694 719 744 769 
520 545 570 595 620 645 670 695 720 745 770 
521 546 571 596 621 646 671 696 721 746 7T1 
522 547 572 597 622 647 672 697 722 747 772 
523 548 573 598 623 648 673 698 723 748 773 
524 549 574 599 624 649 674 699 724 749 774 
525 550 575 600 625 650 675 700 725 750 775 
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401 426 451 476 
402 427 452 477 
403 428 453 478 
404 429 454 479 
405 430 455 480 
406 431 456 481 
407 432 457 482 
408 433 458 483 
409 434 459 484 
410 435 460 485 
411 436 461 486 
412 437 462 487 
413 438 463 488 
414 439 464 489 
415 440 465 490 
416 441 466 491 
417 442 467 492 
418 443 468 493 
419 444 469 494 
420 445 470 495 
421 446 471 496 
422 447 472 497 
423 448 473 498 
424 449 474 499 
426 450 475 500 
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505 530 555 580 605 630 655 680 705 730 755 
506 531 556 581 606 631 656 681 706 731 756 
507 532 557 582 607 632 657 682 707 732 757 
508 533 558 583 608 633 658 683 708 733 758 
509 534 559 584 609 634 659 684 709 734 759 
510 535 560 585 610 635 660 685 710 735 760 
511 536 561 586 611 636 661 686 711 736 761 
512 537 562 587 612 637 662 687 712 737 762 
513 538 563 588 613 638 663 688 713 738 763 
514 539 564 589 614 639 664 689 714 739 764 
515 540 565 590 615 640 665 690 715 740 765 
516 541 566 591 616 641 666 691 716 741 766 
517 542 567 592 617 642 667 692 717 742 767 
518 543 568 593 618 643 668 693 718 743 768 
519 544 569 594 619 644 669 694 719 744 769 
520 545 570 595 620 645 670 695 720 745 770 
521 546 571 596 621 646 671 696 721 746 771 
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ICKERS, 
MAGNECLUTCH, 


DRY MAGNETIC-PARTICLE CLUTCH 
providing... 
CLOSE CONTROL OF ACCELERATION* 















a the Vickers MAGNECLUTCH, torque is transmitted through the 
linking action of magnetized ferromagnetic particles in the gap between 



















driving and driven members. The amount of torque transmitted is regulated 
by varying the amount of energizing current, and is independent of the 
rotational speed of the driving and driven members. This torque transmission 
principle permits extremely close control of acceleration. 


VICKERS MAGNECLUTCH 


Also Offers These Other Outstanding Advantages 


SMOOTH OPERATION 


LONG LIFE, because there's no wear on torque transmitting 
surfaces 


TORQUE AT ZERO SLIP—torgue transmitted with 100% 


mechanical efficiency 
EXTREMELY FAST RESPONSE 
SMALL CONTROL POWER 
EASILY ADAPTED TO REMOTE CONTROL 


*Equally close control of deceleration may be obtained with Vickers MAGNEBRAKES. 


ELECTRIC DIVISION 


KERS INCORPORATED a unit of Sperry Rand Corporation 
BST LOCUST STREET © SAINT LOUIS 3, MISSOURI 
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Research Supplies the Tight 


Combination... 


Chief, 
ey 4 


FERROUS AND NON-FERROUS 
CENTRIFUGALLY CAST ROLLS, 
‘SLEEVES, TUBES, LINERS, 
CHUTES, RETORTS, RINGS, 
BUSHINGS, BEARINGS, ETC. 











A centrifugal casting that will successfully resist heat, 
corrosion, or abrasion is no “hit or miss” proposition. 
It’s the direct result of a combination of important fac- 


tors determined before the casting itself is made. 


That’s where our research department steps in. Experi- 
enced technicians work in direct conjunction with your 
specific problems or needs. They make sure your ferrous 
and non-ferrous cylindrical castings get the proper start. 
Quality control, from raw material through final in- 
spection, checks all remaining factors. Machining facili- 
ties for turning, boring, and drilling is an additional 


service. 


If you’re not sure of the right combination for your 
present or proposed needs, our technical aid is immedi- 


ately available to you. 


Cc. M. Levsted & Co., Seattle, Wash. ° Tynes Bros., Birmingham, 
Alo. ° Cordes 6ros., San Francisco and Wilmington, Calif. 


Circle 514 on page 19 








Chie} SANDUSKY 
CENTRIFUGAL CASTINGS 


FERROUS AND NON-FERROUS 
SANDUSKY FOUNDRY AND MACHINE CO., Sandusky, Ohio 





News Roundup 





(Continued from Page 14) 
cylinder head includes a complete- 
ly machined, contoured combustion 
chamber with steamlined passages 
leading to the combustion chamber 
for better fuel flow. Intake and 
exhaust ports, as well as intake 
and exhaust manifolds, have been 
enlarged. Carburetor include larg- 
er venturis with larger throttle 
bores. 


MACHINE DESIGN’s roundup of 
the 1957 model automobiles will 
be continued in the December 13 
issue. 





ONE MILLION FEET was the al- 
titude reached by this four-stage re- 
search missile fired recently by 
NACA scientists at the Pilotless 
Aircraft Research Station, Wallops 
Island, Va. Maximum speed was 
6600 mph. The first two motors 
were the type used on the Nike 
missile. These and the third stage 
fell free when spent. The fourth 
was part of the missile itself. Pur- 
pose of the flight, which ended in 
the Atlantic Ocean, was to obtain 
high altitude research information. 
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Eventual Economies Seen In 
Atom-Powered Merchant Ships 


WASHINGTON, D.C.—Considerations 
which have led to approval of 
construction of the first nuclear 
powered merchant ship were stated 
recently by Louis H. Roddis, depu- 
ty director, Division of Reactor De- 
velopment, U. S. Atomic Energy 
Commission. Mr. Roddis gave three 
main reasons for the venture. 


“The principal reason is that the 
application of nuclear power to 
merchant ships is . . . economically 
promising. Secondly, it would con- 
tribute to national security by pro- 
viding a measure of independence 
from foreign fuel sources. Finally, 
it will contribute to world-wide eco- 
nomic development by conserving 
the limited world supply of fossil 
fuels.” 

The first ship will probably not 
earn its cost, due to its experimen- 
tal nature, but Mr. Roddis said 
future ships should be economical 
to orerate. He gave these reasons: 

“Capital costs of shipboard nuclear 
powered plants in the range of 15,000 
to 20,000 shaft hp should not be sig- 
nificantly more than land based re- 
actors of similar concept. In fact, 
the ability to construct and test these 
plants in well-equipped and com- 
pletely staffed yards may give the 
ship application an advantage. 

“Nuclear ships should be able to 
achieve greater gross revenue than 
conventional ships of similar dis- 
placement, for several reasons: 

“On any long voyage nuclear 
ships will be able to carry a larger 
cargo because the nuclear reactor 
will require less space than the 
conventional equipment plus _ its 
fuel oil. 

“Nuclear ships will be able to 
operate on longer runs at higher 
sustained speeds. 

“They will be able to achieve 
quicker turn-around in port be- 
cause .. . refueling will be avoided. 

“They will be more flexible in 
the routes they can travel because 
they will not be dependent on more 
than one home port for refueling 
purposes. ° 
“While initially the fuel costs 

for nuclear ships will be about 
$0.70 per million Btu as compared 
to average fuel oil costs of about 
$0.35 per million Btu at this time, 
we believe that these higher oper- 
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IMMEDIATE 


ANY BORE SIZE -e 


CARTER 


AIR CYLINDERS e AIR VALVES © HYDRAULIC CYLINDERS 
ROTARY ACTUATORS © SPECIAL CONTROLS 


ANY MOUNT °» 


| 


LING 


AIR OR HYDRAULIC 


100% EXPANSION OF FACILITIES 

Cores io ae to give service. We have 

incr our plant capacity to handle 

—— on an IMMEDIATE DELIVERY 
asis. 


THE EXCLUSIVE CARTER DESIGN 
Carter cylinders are designed for fast 
production and immediate off-shelf 
assembly from standard parts. 


THREE SHIFT OPERATION 

Carter produces around the clock. Your 
order for cylinders is in process in 4 
matter of minutes after we receive it. 


SPARE PARTS AND SERVICE 

Carter maintains complete spare parts 
and experienced prerred in 40 dif- 
ferent locations throughout the United 
States, Canada, and Mexico. 


PHONE 24 HOURS A DAY 


Call in your order any time of the day 
or night. Carter will take your order 
and begin processing it right away. 


If you need cylinders fast, try us today. 


Phone Lansing, Illinois, GRanite 4-3305 
or Chicago, BAyport 1-7186 


2914 Bernice Rood = @ 


Circle 515 on page 19 





HERE’S WHY CARTER CAN OFFER 


DELIVERY 


ANY STROKE 


CONTROLS INCORPORATED 
Lansing, Illinois (Chicago Suburb) 








GLASTIC “CHANNEL-DUCT” 
Cuts Control Panel Wiring Costs 30% 


F: nal 


ve 





Flexible wire is laid 
in duct and strung 
through holes to ter- 
minal connections. 
Duct is formed from 
two perforated side 
strips and solid cov- 
ering of Glastic, all 
held in place with 
clips screwed to pan- 
el. Covering strip is 
snapped on. 





Does complex wiring run up your assembly costs? 
Do hand-formed solid wire layouts present a seri- 
ous time problem? ... Glastic’s new Channel-Duct 
material, holding control panel wiring in place, has 
slashed manufacturing costs by 30%... makes in- 
stallation changes easy ... has superior dielectric 
and flame-resistant properties ... resists warpage 
during and after assembly... eliminates expensive 
harnesses . . . avoids fractures ... simplifies maint- 
enance ... improves the product. 


Your letterhead request will bring Bulletin GG-3 


The GLASTIC 


Corporation 
4325 Glenridge Road 
Cleveland 21, Ohio 





"Class B Insulation at Class A Prices”’ 


("Glastic” is a registered trade mark for products of The Glastic Corp) 
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News Roundup 





ating costs will be more than off- 
set by the increases in gross rev- 
enue.” 

Mr. Roddis also gave reasons 
for an early start on nuclear ship 
propulsion. “There is in prospect 
a widespread replacement, expan- 
sion, and modernization of mer- 
chant fleets throughout the world. 
We are told that as of December 
31, 1955, there were 1762 ocean- 
going merchant ships of 1000 gross 
tons and over under construction 
or on order. Another estimate is 
that an average of 300 tankers 
per year will be constructed in 
the next years, many of them su- 
per-tankers. 

“The first ship will be designed 
and built to meet many of the 
requirements of a commercial ship. 
It will, however, be put together 
in such a way that improvements 
can be made in it from time to 
time.” 





AND EXPOSITIONS 


Dec. 9-12— 

American Institute of Chemical 
Engineers. Annual Meeting to be 
held at Hotel Statler, Boston. Fur- 
ther information can be obtained 
from the institute’s headquarters, 
25 W. 45th St., New York 36, N.Y. 


Dec. 9-12— 

American Society of Agricul- 
tural Engineers winter meeting to 
be held at the Edgewater Beach 
Hotel, Chicago. Further informa- 
tion can be obtained from society 
headquarters, 420 Main St., St. 
Joseph, Mich. 


Dec. 10-11— 

Material Handling Institute Inc. 
Annual Meeting to be held at the 
Biltmore Hotel, New York. Fur- 
ther information can be obtained 
from institute headquarters, Suite 
759, 1 Gateway Center, Pittsburgh 
22, Pa. 


Dec. 10-12— 
1956 Eastern Joint Computer 
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Conference to be. held at the Hotel 
New Yorker. Sponsors are the In- 
stitute of Radio Engineers, Ameri- 
can Institute of Electrical Engi- 
neers and the Association for Com- 
puting Machinery. Additional in- 
formation is available from pub- 
licity chairman Albert J. Forman, 
Tele-Tech & Electronic Industries, 
480 Lexington Ave., New York 17, 
N. Y. 


Jan. 14-16— 

Third National Symposium on 
Reliability and Quality Control in 
Electronics to be held at the Hotel 
Statler, Washington, D. C. Spon- 
sors are Institute of Radio Engi- 
neers, American Society for Qual- 
ity Control, American Institute of 
Electrical Engineers and Radio- 
Electronic-Television Manufactur- 
ers Association. Further data are 
available from Mr. R. G. Murrell, 
Melpar Inc., Falls Church, Va. 


Jan. 14-18— 

Society of Automotive Engineers 
Inc. Annual Metting to be held 
at the Sheraton-Cadillac and Stat- 
ler Hotels, Detroit. Further in- 
formation can be obtained from 
society headquarters, 485 Lexing- 
ton Ave., New York 17, N. Y. 


Jan. 16-18— 

Society of Plastics Engineers 
Inc. Thirteenth Annual National 
Technical Conference to be held at 
the Hotel Sheraton-Jefferson, St. 
Louis. Further information can 
be obtained from society headquar- 
ters, 34 E. Putnam Ave., Green- 
wich, Conn. 


Jan. 21-25— 

American Institute of Electrical 
Engineers. Winter General Meet- 
ing to be held at the Hotel Statler, 
New York. Further information 
is available from AIEE headquar- 
ters, 33 W. 39th St., New York 18, 
_ S- 


Jan. 28-31— ; 

Plant Maintenance and Engi- 
neering Show to be held at the 
Cleveland Public Auditorium. Fur- 
ther information can be obtained 
from Clapp & Poliak Inc., 341 
Madison Ave., New York 17, N. Y. 
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PROTECTS against 
overload, jams and 
down time. 

RESUMES THE DRIVE AUTO- 
MATICALLY after overload. 


ELIMINATES SHEAR PINS and lost 
time. 

ADJUSTABLE - WHILE - RUNNING 
feature is available. 

Hilliard Slip Clutches are continuously protecting the drive on dish washing 
machines—printing presses—packaging machines—case loaders—foundry equip- 
ment— air filters—conveyors—overhead doors—and many others. 

They maintain steady torque while permitting speed variation on fabric drying 
drums, steel strip slitters and similar equipment. 

The adjustable-while-running types are used to maintain constant tension on 
rewind stands for paper coaters, textile machines, rope, steel and wire mills and 
for drive systems requiring overload protection but which must be disconnected 
at times. 


aah WRITE TODAY FOR BULLETIN 300 WITH COMPLETE INFORMATION. 
@ OTHER HILLIARD CLUTCHES @ 
CONSIDER AUTOMATION - INVESTIGATE THESE PRODUCTS 


HILLIARD - TWIFLEX 
NITE PTT. 









SINGLE REVC 
CLUTCHES for 
matic accurate co 
—electrical or mecha 
cal—of intermitten 
motion, indexing, cy- 
cling and cut-off. 
Ask for Bulletin 239. 














tic instantaneous en- 
gagement and release 
on two speed drives, 
dual drives and ratchet, 
or backstop action. 


Ask for Bulletin 231. 












- WEST FOURTH st, ELMIRA, N. Y. 
IN CANADA: UPTON e BRADEEN e JAMES, LTD. 
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Howard J. Seel has been appoint- | 
ed chief engineer of the Cleveland | 
Div. of Harris-Seybold Co. Former- 
ly chief development engineer for 
sheet-fed offset printing presses, 
Mr. Seel will now be responsible 


a i a ti 

















offers industrial designers emtahetens 
, . for product development, engineer- 
almost unlimited SCOPE ing, and final testing. He has been 
with Harris-Seybold since 1936. Mr. 
Seel is a member of the planning 
committee for the Mechanisms Con- 
ference held annually under the 


sponsorship of Purdue University 
and MACHINE DESIGN. 














@ One manufacturer wanted fresh new contours, interesting color, 
permanence of finish, strength, heat-resistance ...and economy. The other 
wanted intricate shapes with holes, grooves, and slots molded-in, 
self-insulation, rigidity, close tolerances ...and economy. 


Requirements of both are being met in all respects—including 

production economy—with materials selected from the six classes | Ralph S. White was recently ap- 
that constitute the Durez family of versatile molding materials. | pointed manager of research and 
engineering by the Spinco Div. of 
Beckman Instruments Inc. in Bel- 





Being phenolics, these thermosetting plastics are true engineering 
materials with an unsurpassed range of industrial applications. You 















can use their mechanical, electrical, thermal, and chemical properties | mont, Calif. Mr. White has been . 
in creating products that look better, serve better, sell better. | associated with Beckman for six 
Call on your molder—or our Technical Field Service—for | ant “ap ree, oe re ‘ 
help in solving your problems. | ———~- 6. SS on-ecks 
plant of the Scientific Instruments a 
Div. in Stamford, Conn. E 
f 
Phenolic Plastics that fit the job | Louis C.. Lundstrom has been r 
| named director of General Motors A 
_ Proving Grounds, which include fa- n 
T110].44:@@ | cilities at Milford, Mich.; Mesa, h 
DUREZ PLASTICS DIVISION CHEMICALS Ariz.; and Manitou Springs, Colo. h 
HOOKER ELECTROCHEMICAL COMPANY coral Mr. Lundstrom joined the Proving 0 
511 Waick Read, North Tonawanda, N. Y. Ground Staff at Milford as a test a 
Circle 518 on page 19 MACHINE DESIGN N 
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engineer in 1939. He was promoted 
to project engineer in 1942, me- 
chanical department head in 1947 
and assistant to the director of the 
Proving Grounds in 1953. Mr. 
Lundstrom succeeds Harold H. 
Barnes, who is retiring after 37 
years with General Motors. 


Brown & Sharpe Mfg. Co., Provi- 
dence, R. I., recently named Wal- 
lace B. Bainton vice president and 
general manager for machine tools. 
Mr. Bainton was vice president for 
production and engineering. At the 
same time, Harold Sizer was made 
director of design. 


Thomas E. Rounds has been ap- 
pointed vice president of the Bar- 
den Corp., Danbury, Conn. He 
joined the company as executive 
engineer in 1943 and became chief 
engineer in 1947. For five years 
prior to joining Barden, Mr. 
Rounds had been assistant chief 





Thomas E. Rounds 


engineer of Norma-Hoffman Bear- 











ings Corp. and was a member of 


that company’s engineering depart- 
ment from 1930 to 1938. He had 
also worked in the engineering de- 
partment of SKF Industries Inc. 
for four years. Mr. Rounds is sec- 
retary of the American Ordnanée 
Association’s committee on instru- 
ment precision ball bearings. He 
has written numerous articles for 
MACHINE DESIGN, the most recent 
of which were on “High-Perform- 
ance Bell Bearings” and appeared 
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Accurate, Dependable 


Control of Air Pr 


with NORGREN 


REGULATORS 


OVER 400 STANDARD MODELS 


Pressures in excess of manufacturer's ees 
iter xX 


recommendations result in 
wear, more down-time and 


maintenance cost without significant RERK 
ut. Stop this costly 
orgren Regulator that 


increase in ou 
waste. Select a 
will enn the desired pressure 
at al 


flow may vary. 


How Norgren Regulators 
Provide Accurate, 
Trouble-Free Service... 


ay PRESSURE KEPT CONSTANT 


Quick response to sudden 
demands for greater air volume. 


EFFICIENT OPERATION 


Greater air flow with less 
pressure drop. 


Circle 


times, holding it constant even 
though the line pressure or rate of 





essure 


r xx 
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PRECISION cocmmbaiiiinin 


Provides accurate pressure 
regulation under the most rugged 
conditions. 





























° 
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RELIEVING FEATURE 


Safeguards connected equipment 
against damage dve to 
pressure surges. 


RUGGED DIAPHRAGM 


Made of oil resistant synthetic 
rubber reinforced with 
nylon fabric. 


EASY TO INSTALL 
Pipe connections are in line. 





Sciaky — 16 Year User 

Sciaky Bros., Inc., have been using ~~ ~y Regulators 

on their weiders for 16 years because they provide 
accurate air — necessary to 


5 uniform welds of high quality 


Remote Pressure Control 


for Baldwin-Lima-Hamilton Presses 
Because 3 feet of this —— Press is below floor 


level, including Norgren Pressure ae ane air 
pressure is remotely controlled by lot Regulators 
—a big sales feature for the press, engineers say. 


Air-Hydraulic Pressures 


Balanced for Milton Roy Co. 

Norgren Pressure Regulators help pote 0 a closely-: 
controled balance between air Pressure and —y 
pressure for ‘‘airROYmetric’’ Pressure Generators. E 
air-powered Milton Roy Pump includes Norgren cauipamat, 





Call your nearby Norgren 
Representative listed 


3442 So. Elati St., Englewood, Colo. 


Wherwer Air it Used in Indutory 


519 on page 19 27 
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converter - a = arcana 20 and October 


Bruce L. Mims, formerly assist- 
ant chief engineer, succeeds Mr. 
Rounds as chief engineer. 





Formerly vice president of re- 
search, Irven Travis has been 
named vice president of research 


| and engineering by Burroughs 
e | Corp., Detroit. Raymond G. Bower, 
former vice president of engineer- 


or coupling? 


Walter R. Bush has been appoint- 
ad ed vice president in charge of en- 

recommen ahons gineering and a member of the 
J Management Committee of Fen- 

wal Inc., Ashland, Mass. He will 
be responsible for all research and 


applied engineering work on a 
variety of products and will also 


consult 
Twin Disc! 














Three-Stage Single-Stage f 
Torque Converter Torque Converter 




















Fluid Coupling 














Walter R. Bush 





d’s largest . 
se Twin Disc—the a drives f0f direct current and contemplated 
% Unbiased Dect ch fluid and ya “a omplete work on a large number of new 
manufac” powered equi meme converters (single rear anit a — to 
\ industrial | leas ss joini enwal, Mr. Bush was 
line of pp wernt from 30 ¢ chief components development en- 
stage Of from 3% t 850 hp gineer for Republic Aviation Corp. 
couplings - “auty uirement He had also served as technical as- 
every — power transmissic® sistant to the chief engineer, and 
for flu assistant chief research engineer 





TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rox 


Branches or Sales Engineering Offices: Cleveland * Dallos * Detroit * Los Angeles * 
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Newark * New Orleans * T 


at Republic. 


Farnsworth Electronics Co., Fort 
Wayne, Ind., has appointed Arthur 
N. Corner to the position of proj- 
ect manager, missile test equip- 
ment. Mr. Corner was assistant 
to the president and acting director 
of engineering at the Electronics 
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Corp. of America. He has also 
served as general manager of the 
Arlington Div. of Melpar Inc., as 
executive engineer with the Kellex 
Corp., and has been associated with 
Link Aviation Inc., Glenn L. Mar- 
tin Co. and McDonnell Aircraft 
Corp. 


J. P. Matthews has been named 
turbocharger application engineer 
by the Cooper-Bessemer Corp., 
Mt. Vernon, O. Mr. Matthews pre- 
viously was concerned with prod- 
uct improvement and expansion of 
the company’s line of engines and 
compressors. 


Samuel P. Caldwell has been ap- 
pointed to the newly created posi- 
tion of director of research and 
development by the Greist Mfg. 
Co., New Haven, Conn. He has 
been vice president and assistant 
general manager of the company’s 
Air-Marine Div. and, except for 
three years, has been associated 
with Greist since 1936. 


Siegler Corp., Chicago, has an- 
nounced the election of John J. 
Burke to vice president of engi- 
neering of its Hallamore Elec- 
tronics Co. division. 


P. G. Smith has joined Roylyn 
Inc., Glendale, Calif., as assistant 
to the president. Mr. Smith had 
been associated with Douglas Air- 
craft Co. since 1939. He served as 
assistant section leader, power 
plant engineering, before estab- 
lishing the company’s Engineering 
Labs, which are responsible for de- 
veloping and testing all systems 
and components of Douglas air- 
planes. 


Head of the engineering depart- 
ment since 1945, George C. Wil- 
sher was recently made vice pres- 
ident of engineering by Holcroft 
& Co., Detroit. 


Terence Caffrey has been named 
chief engineer of the air comprés- 
sor division of Davey Compressor 
Co., Kent, O. Before joining this 
company in 1954, he was associat- 
ed with Alfred Bullows & Sons Co. 
as a designer of compressors and 
pneumatic equipment. 
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FOR MAXIMUM CAPACITY 
IN MINIMUM SPACE... 


4-WAY VALVE 
DOUBLE PILOT 
SUB-PLATE MOUNTED 


| 


wwe VERSA 








MANIFOLD MOUNT VALVE 


Over 


WERSZA 


Ready for. Immediate 


The Versa Manifold Valve has been especially de- 
signed for use where space is at a premium. 

All piping can be installed, connected to mani- 
fold plate and even purged before installation of 
the valve itself. The valve is then simply bolted 
into place on the manifold plate. The valve proper, 
being independent of the piping, can be easily 
removed for service or replacement without dis- 
connecting piping or disassembling the valve. 

Versa Control Valves are available with any type 
of actuating device in sizes from %” to 1” NPT, 
in 2-, 3-, 4-, and 5-way type, and for pressures 
from partial vacuum to 500 PSIG. 

All Versa Valves are triple pressure and function- 
ally tested under water for guaranteed leakproofness. 


110,000 Variations... 


Delivery! 







The entire line of 
VERSA valves is 
explained in our 
new comprehen- 
sive Folder =14 





VERSA PRODUCTS COMPANY INC. 
247 SCHOLES STREET 
BROOKLYN 6, N. Y. 
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HOW YARITROL AUTOMATIC SPEED CONTROL 


saves 




















MANUAL WAY 


Requires observation and correction 





Manpower 


AUTOMATIC WAY 


PROCESS VARIABLE 









oe SPEED CONTROL 
(MANUAL) 
PROCESS No observation or adjustment required 
INDICATOR v 













~ PROCESS VARIABLE 
PROCESS DC 
wy ty (AUTOMATIC) 
AND SIGNA v 









VARITROL 








Human Error is Eliminated with 


U. S$. VARIDRIVE 
MOTORS WITH /AR/TROL 


Now, by controlling speed with Varitrol as a com- 
ponent of the U.S. Varidrive motor, speeds can be 
automatically changed in response to a signal without 
human attention. Varitrol pneumatic control regulates 
the speed of Varidrives in response to a signal from 
such variables as temperature, humidity, pressure, VARITROL > 
speed, liquid level, weight and tension. Varitrol auto- Pneumatic Control 
matic control of Varidrives offers an opportunity for 
improved quality of product, greater uniformity and 
more efficiency in plant flow handling. A profusely 
illustrated multi-color booklet explaining in detail the 
construction and operation of Varitrol automatic con- 
trol is available. Write today for your copy. 


U. S.Moror: MOTORS 


a U. S. ELECTRICAL MOTORS, INC. MD-11 | 
P. ©. Box 2058, Los Angeles 54, Calif., or Milford, Conn. 
(J Send Varitrol Automation Booklet No. 1882 

(1 Send U. S. Varidrive Booklet No. 1797 


NAME 
COMPANY 







a 


4 U. s. VARIDRIVE 
Ratings “% to 60 H.P. 
















q MAIL COUPON NOW 
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What every designer 

should know about 

THE ART OF 
GENERATING 


Nia RATING 
CE CUTTER 


Csenerating offérs desigrréts' many advantages in 
producing an almost unlimited variety of contours. 
Produced by the relative motions of points, lines, 
or surfaces, all generated profiles are combinations 
of two basic surfaces: curved and*straight. 


Generating with a reciprocating .cutter.on ‘the 
Fellows Gear Shaper is a low-cost method of pro- 
ducing a wide range of symmetrical or irregular 
contours, either internal or external: Gear Shaper 
versatility provides a choice of generating tech- 
niques—employing a cutter form conjugate to 
work shape, introducing a variable movement 
between cutter and work, or a combination of 
both methods. 


THE 
PRECISION 
LINE 





Shown above are some trim dies and the cutters 
used to generate them: three-sided cutters gener- 
ate the square holes and four-sided cutters the 
hexagonal holes. Cutter sides are curved surfaces 
conjugate to the straight surfaces on the dies. The 
drawing shows the steps in generating. A special 
bed tilting mechanism in the Gear Shapers pro- 
vides a simple adjustment for the 
required taper angle on the dies. 


Many other examples of interest to 
designers are shown in the booklet, 
“The Art of Generating with a 
Reciprocating Tool.” Just write any 
Fellows Office. 


THE FELLOWS GEAR SHAPER COMPANY 

78 River Street, Springfield, Vermont 

Branch Offices: 319 Fisher Building, Detroit 2 

5835 West North Avenue, Chicago 39 

150 W. Pleasant Ave., Maywood, N. J. 

6214 West Manchester Avenue, Los Angeles 45 


Gear Production 


-_ ———— 


Equipment 








— 
tl ee 
— aaa a atl 
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The most important 
advance in tube fittings 





nity 
we 





( (ew IMPERIAL /HI-SEAZ / 


Furnished in steel. and stainless steel 





Successors to all other fittings ee ee 


6 
1 = H 7. Threads are pitched for minimum torque in tight- 

for high-pressure, severe service ee ee 
8 


At last! A foolproof fitting that answers all the re- . Far greater tolerance in tube length or placement 


quirements of the “ideal tube fitting.” during assembly. ; 
1. Positive butt-joints — no springing of tube. 9. aan f — aE control 
2. Permits closer tate bones. Big order? Sure — that’s why the Hi-Seal is the 
3. Eliminates tube torquing when making a joint. most important advance in tube fittings in 20 years. 
4. Foolproof — Hi-Seal goes together only one way. Ask your Imperial distributor for complete infor- 
5. Assures repeated pressure-tight re-connections. mation! 

as ck hee SR BAS Fs oe gE i ot ea ek) A ais Nhat) ee Ss eee ERS Oe gs ena SaaS te Se ET CA ERs 
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a ie Sa Socal 





ee ee ae ed 





| 
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FOOLPROOF ASSEMBLY — There is only CLOSER TUBE BENDS — Because of the WITHSTANDS HIGHER PRESSURES — Joints 

one way tubing can be inserted into extremely short tube entry and because made with Imperial Hi-Seal fittings 

sleeve, and only one way that the sleeve no flaring is required, bends are made stay pressure-tight beyond the burst 

can go into fitting. Shoulder on sleeve exceptionally close to the end of tubing. strength of the tubing itself. Fitting is 

prevents incorrect assembly. No need Hi-Seal fittings work in close quarters o—, designed for hydraulic and 
ot 


to disassemble joint to see if it has where other types of fittings cannot be r services where higher pressures are 
been properly made. Only an open-end used. Hi-Seal s assembly . . . dras- encountered. Can also be used in low and 
wrench is needed for assembly. tically reduces field servicing time. medium pressure applications as well. 


Created and manufactured exclusively by .. . 
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THE IMPERIAL 

513 S. RACINE AVE. P 

SSS aaa LL!!! ———_a_—_ 
Industry’s most complete ; 








i | | i es i Be i 








BUTT-JOINT FEATURE MAKES 
HI-SEAL EASIER TO INSTALL! 


(a) Because Hi-Seal provides a positive 
butt-joint, and there is no tube entry into 
body of fitting, undesirable tube springing is 
eliminated. This is very important in the 
case of large-diameter, heavy-wall or hard- 
temper tubing where tube springing is ex- 






tremely difficult and many times impossible. BUTT JOINT! 
(b) Note how tube “bottoms” on shoulder of 
sleeve (see diagram). Camming action of nut NO FLARING OR THREADING! 


results in a controlled bite of sleeve into 
tubing. Serrated edges inside sleeve provide 
a triple, leak-proof seal. Finally, a perfect 
circumferential seal is made by tapered 
edge of sleeve in recess of body. 


(c) Hi-Seal fittings are furnished complete 






Just off the press — highly informative bulletin 
No. 3061 on Hi-Seal principle and applications. 


with body, nut and sleeve assembled. Avail- Includes engineering recommendations, 

able with long Dryseal pipe threads or with dimensional data, complete listing of types 

straight threads with O-Ring seal. and sizes for 4%” to 114” O.D. tubing. 

CHICAGO 7, ILLINOIS in Canada: 334 Lauder Ave., Toronto, Ontario Jnl of Lally 
~~ TE 





line of tube fittings and tubing tools 
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Produced for half the cost — Part of the “Vapoflash,” this Inconel alloy 
precision casting withstands searing gas turbine exhaust temperatures. 


Design big savings into small parts 
with Inco precision investment casting 


Many small parts can be designed 
to cost less by taking advantage of 
Inco precision casting. 


Manning, Maxwell & Moore, Inc., 
Aircraft Products Division, reduced 
costs 50% on the part shown above. 
It’s the body of the “Vapoflash,” 
which measures exhaust tempera- 
tures in gas turbines. To withstand 
heat up to 1500°F., it’s made of 
Inconel* nickel-chromium alloy. 


Costs argued against two obvious 
methods of production. Machining 
from bar stock would take 17 opera- 
tions. Machining from sand castings 
would take 8 — still too many. 

A dilemma? Easily solved. De- 
signed to be precision investment 
cast by Inco, the part takes only 5 
finish machining steps. 


34 Please direct inquiries to advertiser, mentioning MACHINE DESIGN 


High precision . . . less machining 
Whenever you have a high-melt- 
ing-point metal part which is 6 
inches x 5 inches or smaller, weighs 
under 3 Ibs., requires starting toler- 
ances as close as plus or minus .005 
inch per linear inch, and needs 5 or 
more fabrication steps, consider pre- 
cision casting. It often gives required 
precision with less machining. 


Send us a sample or blueprint. 
Our Engineering Department will 
be glad to submit their recommenda- 
tions and quotations on Inco pre- 


cision investment castings. 
*Registered trademark 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


Inco Castings 








5 Advantages of 
Inco Precision Castings 


@ Save up to 60% of production 
costs. 


@ Longer life with harder alloys. 
@ Little or no machining required. 
@ Wider design latitude. 

@ Higher alloys at lower cost. 


“Cast to Outlast”’ 


This handsome, 16-page booklet shows 
how to keep costs in line on small 
parts. Illustrated with many case his- 
tories. Write for a copy ... now. 


4. 
~~ INCO, 


. Precision, Sand, Centrifugal 
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CONTROLS YOU CAN 


WATERMAN CONTROLS 


for accuracy—dependability 
safety—low maintenance cost 


SOLENOID VALVES 


For working pressures to 3000 psi. Remote control of hydrau- 
lic systems for handling non-corrosive fluids. 


Role) Gece Fyas3 7), 


MICRONIC LINE FILTERS 


Operating pressures to 3000 psi. 40 micron filtration. Re- 
placeable elements. Available in %” and %” NPT. 


FOR THE ANSWER TO 


ADJUSTABLE FLOW REGULATORS 


Full range from 0.56 GPM to 20 GPM. All 
Waterman Flow Regulators maintain a con- 
stant rate of flow regardless of work resistance 
or pressure fluctuations. 


YOUR FLOW CONTROL 


CHECK VALVES 


One piece. Leak proof. Ny- 
lon Poppet. Aluminum 


body. Low pressure drop. TIN Key Voy Nic; 
REQUIREMENTS VALVES 


UNLOADING VALVES for system 
Write for bulletin F pressures to 3000 psi. Flow rates to 
of any of these 30 G.P.M. Fast acting, easily adjust- 
products able, maintain desired pressure set- 
tings without continuous readjust- 
ment. Hardened poppets eliminate 
leakage. Large passages assure maxi- 
mum flow with minimum pressure loss, 


t+ 























WATERMAN 


Se Ss 725 CUSTER AVENUE + EVANSTON, ILLINOIS 
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for MIMIC IMPROVED FABRICATED PART... SAVED CUSTOMER 23%! 


Formica studied performance require- 
ments, developed a special grade, pro- 
duced a better part, and saved the 
customer 52c a pound. 


Are you buying laminated plastic properties you don’t 
need? Or are you paying the penalty of poor product 
performance because you’ve been short-changed on 
essential properties? 


You can never be sure until you have a Formica fabri- 
cating engineer check your performance requirements. 
Tell him what you need, where and how you'll be 


Your blueprint 
tells only halt 


the story... 





o 
eeeeee ® 


save you money 


. tell us your performance ~ 
requirements and we'll ° 
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using your fabricated part. Then he’ll select the one 
grade that’s best and most economical for you. 


With 52 standard grades, and a competent research 
staff to develop special new ones, there’s never any 
compromise with grade selection at Formica. And design 
modifications recommended by Formica fabricating 
engineers will further help to produce a better part, 
frequently at big savings. 


This fabricating service is part of Formica-4, designed 
to give you the best grade at lowest cost for your applica- 
tion. Call your Formica district office or send us your 
blueprints and your performance requirements. Formica 
Corporation, subsidiary of American Cyanamid, 5-4545 
Spring Grove Ave., Cincinnati 32, Ohio. 
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MORE OF THE GARLOCK 2,000 


make 


fh power 
wy / steer ing 


, 7 CALE, wits easier 
. ere je | 





The low coefficient of friction and longer service life of Garlock Teflon 
seals has been used to great advantage by a large producer 
of power steering equipment. The switch to Teflon substantially 
reduced both manual turning effort and wear in the power steering mechanism. 
These seals were designed by Garlock engineers to do a particular 
job better. They are typical of “the Garlock 2,000” . . . two thousand 
different styles of packings, gaskets, and seals to meet every conceivable 
need .. . the only complete line available. That’s why your 
Garlock representative can give you unbiased recommendations. Call him 
at the start of your next project, his experience will save you time and money. 
Write today for new Garlock Teflon Catalog AD-155. 


*DuPont Company Trade-mark 


THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada 


(jy azrnnocx 


Rubber Expansion Joints 








Packings, Gaskets, Oil Seals, Mechanical Seals, 
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NEW General Electric | 


| DT ome ao)’, ,-) ae fel 0] got 


KINAMATIC — — — anew 


standard in direct-current generators 
and motor-generator sets—designed 
to give you higher output at less cost. 


As a progressive manufacturer, you are faced with 
the problem of boosting factory output and 
beating rising production costs. Where your 
production process involves adjustable speed, 
tough duty cycles, frequent reversals or speed 
matching, you may have already applied 
the performance advantages of d-c drives. To 
help you further boost production and 
reduce your automation costs, completely 
new sources of constant and adjustable- 
voltage d-c power are now available— 
General Electric d-c Kinamatic generators 
and m-g sets, 34-100 KW. 


More Power Per Dollar—D-c Kinamatic 
generators pack more power per frame 
size than any previously designed G-E 
generator. Nine new kilowatt ratings more 
closely match both the power requirements 
of your standard d-c drive motors and the 
power output of standard prime-moving 
a-c motors. This new matching gives. you 
a more efficient, more compact adjustable- 
voltage drive at lower cost. 


And a Lot More—A d-c Kinamatic generator or 
motor-generator set can give you much more than 
savings on initial automation costs. If you would 
like to know more about the construction details, 
advanced performance characteristics and money- 
saving maintenance features of d-c Kinamatic 
generators and m-g sets, we would like to have a 
G-E Apparatus Sales Representative call on you. 
Or, if you prefer, we will send you copies of 
GEA-6461 and GEA-6355. Direct Current 
Motor and Generator Department, General 
Electric Company, Erie, Pennsylvania. 813-2 


* Trade mark of General Electric Company 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 














Hydraulic control system of the Lodge & Shipley Powerturn 90 


Copymatic Lathe protected by a Purolator sai filter 





Designed for highly accurate control 
... fully protected by Purolator Filtration 


On a very successful automatic duplicating 
lathe, this hydraulic control system makes pos- 
sible both quick, simple operation and a high 
degree of sensitivity and accuracy. Reliable and 
uninterrupted operation of a system like this is 
dependent upon freedom from contaminants. 
That’s why the Lodge and Shipley Company, its 
manufacturer, made Purolator Micronic® fil- 
ters an integral part of their hydraulic system. 


Filtration For Every Known Fluid 


PURQLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canade 
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Purolator engineers recommended a standard 
filter from their stock of over 2000 models. It 
more than met the system’s special requirements. 

The controlled porosity of Purolator’s 
Micronic element evenly filters out eontami- 
nant particles as small as .000039 inch. And 
because it’s made of plastic-impregnated cellu- 
lose, the Micronic element is not affected by 
high temperatures, water, or oil. 


Filtering information for product designers is avail- 
able in our 32 page “Filtration Manual for Product 
Designers”. Just enclose 25¢ to cover postage and 
handling. Address Dept. P5-118 
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than comparable 
rubber-edged metal he 
... costs less too 


NYLOCLIP 


NYLON CAB HANGERS 


For strong, sure support ...for sustained periods 
in temperature extremes from-60°F to 250°F ... 
these new, tough, lightweight, molded nylon cable 
hangers give you all the important features 

of metal, plus. 


Even under severe stress, NYLOCLIP’s high 
physical strength holds pre-formed shape 
indefinitely . .. undamaged by oils, gasoline, 
alcohol, hydraulic fluids. 


Self-insulating nylon is high dielectric non- 
conductor; eliminates hysteresis losses, 
grounds, shorts. 


Cable insulation fully protected by rounded edges, 
matte finish inside surface of NYLOCLIP. Stud 

hole serrations running parallel to cable insure 
automatic alignment when screw is tightened — 
prevent cable chafing. Available in 17 standard 

sizes to accommodate cables or bundles from 1%” to 2”. 


Meets MIL-STD-242 and NAVORD OSTD 
600-7-3.02.29 (int.) 

























rugged strength 
of Nyloclip supports 

this man’s full weight 
..- 247 Ibs.! 










For proof of performance, send for samples...to your specified sizes. 


Lg af F. 56-10 


Norwalk, Connect. ¢ Toronto, Canada « Other Factories: New York, Calif.. Toronto « Export: Philips Export Corp. 
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the standard line of Speed 
Reducers for every design problem ! 


The wide range of models and sizes in the Winsmith line enables most 
speed reducer users to select a unit “custom-made” for the job on hand 
from the standard stock line. For speed of delivery ... for economy .. . 
for performance . . . make Winsmith your source for speed reducers 
from 1/100 to 85 h.p. in ratios of 1.1:1 to 50,000:1. 

IF YOU HAVE A SPECIAL PROBLEM—consult the Winsmith Representative 
in your area or write direct to our Engineering Department. 


WORM GEAR REDUCERS 


Available in single or double reduction models for service 
in either intermittent or continuous operation. Units in- 
clude right angle or parallel shafts; worm on top or worm 
on bottom; all worm gear or combined worm and helical. 





















HELICAL 
GEAR REDUCERS .5 aL. 


Single reduction, parallel 
shaft units for small ratios. 
Cast iron gears. Hardened 
and accurately ground alloy 
steel pinion shafts. 





DIFFERENTIAL GEAR REDUCERS 


Winsmith patented differential gear reducers differ from 
ordinary planetary systems in that,the planetary and sec- 
ondary gears are made integral to form a unified planetary 
element. Tooth alignment is maintained because the plan- 
etary gears automatically float into position resulting in 
equalized load distribution. Parts are never increased in 
number regardless of the ratio of reduction. Overall dimen- 
sions of a given size always remain the same . . . whether 
1.1:1 or 50,000: 1. 


ADD THIS IMPORTANT BOOK 
TO YOUR FILES! 


Winsmith’s New Catalog containing 
comriete selection information 
on 147 speed reducer sizes. 





SINGLE REDUCTION f 
WORM GEAR Typ! WV 


SERIES CB, CT, CY 
14 Sizes — .01 hp to 34 hp SEs 
Ratio Range — 5:1 to 77;} 1 


Maximum Output Torque R 
142 to 34,767 in. Ibs. 





CB — worm ON BOTTOM) EB) 
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1. 
WORM GEAR TYPE 
10h] | DOUBLE REDUCTION DOUBLE REDUCTION Ratio Range = 25:1 to 3880 DIFFERENTIAL 
ype} WORM AND HELICAL WORM GEAR TYPE Mids 10 34290 eee REDUCERS 
2. SINGLE REDUCTION HELICAL 
cv GEAR TYPE SERIES CBD, CTD, CVD GEAR HORIZONTAL TYPE -12 hp to 81.51 hp 
stg] SERIES CBX, CTX, CVX 12 Sizes — .018 hp to 7.41 hp none zimm ‘Cutt Torave saci as aide vena 
774) ‘10 Sizes — .3 hp to 11.86 hp Ratio Range — 60:1 to 4460:1 3. TWO SPEED REDUCTION —- at nies 
ss WORM AND SPUR GEAR TYPE aaa 

rque Ratio Range — 42:1 to 231:1 Maximum Output Torque 2 Sizes — .01 hp to 6.17 he 
bs. 650 to 34,767 in. ibs. Ratio Range — 5:1 1 163:1 

Maximum Output Torque Maximum Output Torque 

1331 to 34,767 in. Ibs. 333 to 3089 in. Ibs. 








&% © 


Tom) €BX — worm ON BOTTOM CBD — worm ON BOTTOM 1. series DBI HORIZONTAL 


? ¢ o 


P CTX — worm ON TOP CTD — worm ON ‘TOP 2. series 700, 800, 900 


oe & 


CVX — verticaAt CVD — VERTICAL 3. series TSR VERTICAL MOTORIZED 





a 























WEIGHTS DIMENSIONS 





RATINGS 

Seale 6 ir You'll rate this catalog as one of the most 
important and useful tools ever presented to 
design engineers. In addition to complete selec- 
tion information such as weights, dimensions, 
parts, ratios and ratings on the reducers it 
describes, this book contains selection factors, 
lubrication charts, character of load tables plus 
a complete engineering section devoted to 
examples and solutions of typical power trans- 
mission problems. 












































frraeaseoa freee 





This wealth of useful information is yours fc 
the asking . . . request Catalog 155 — on com- 
pany letterhead, please. 
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PARTS INDEX SHAFT ARRANGEMENTS 


WINSMITH, Incorporated °* 16 Elton Street, Springville, (Erie County) New York 
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Maintenance cut A9% 
with SKF: anti-friction bearings 


SKF “Triple-Seal” Pillow Blocks, used by an 
eastern limestone producer in pulverizing tube mills, 
have saved thousands of dollars since their installa- 
tion in 1948. 

In comparable operating periods, counter-shaft fail- 
ures dropped from 11 to 2, bearing maintenance 
costs were cut 49%, production increased 70%, 
power savings averaged 10% to 20%. 


EVERY TYPE—EVERY USE 


Required to operate in a highly abrasive “snow- 
storm” of powdered limestone, these triple-sealed 
units continue to save money for the user. They will 
do the same for you. 


For further information on how these remarkable 
“Triple-Seal” Pillow Blocks can be applied most 
effectively to your products, get in touch with your 
local SKF Sales Office. 


7736 





Ball Bearings 


ok 


Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 





*Reg. U.S Pat. Of Tyson Searing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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Because it uses a positive chain rather than frictional 
elements to transmit power... LINK-BELT P.LV. delivers 


variable speeds with unvarying accuracy 


Throughout industry, chain drives 
have long been preferred as a sim- 
ple, versatile method of transmitting 
power positively and accurately. But 
it was not until the conception 
of Link-Belt P.I.V. that this advan- 
tage was adapted to variable speed 
drives. With its self-tooth-forming 
chain principle, P.I1.V. provides in- 
stant selection of any speed between 
its maximum and minimum settings 
without stopping the machine. 





P.1.V. drives are built in capacities from 
4 to 25 hp, in 8 sizes and 16 types. Com- 
pactness permits installation as a separate 
unit or built-in part of driven machine. 


HE exclusive P.I.V. chain con- 
peal of a series of overlapping 
steel slats. These are free to move 
transversely from side to side, singly 
or collectively, serving as teeth. The 
chain meshes with radially grooved 
wheels, which are cut at a constant 
depth toward the wheel periphery. 
Beveled sides of the grooves offer 
gripping areas . . . provide a positive, 
non-slip contact at any speed, under 
all loads. 

All-metal construction of P.I.V. 
is unaffected by atmospheric condi- 
tions. Housings are of close-grained 
gray iron— internal moving parts 
are automatically splash-lubricated. 

You'll find much interesting and 
valuable information concerning 
P.L.V. in Book 2274 Link-Belt also 
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TO CHANGE OUTPUT RPM, operator mere- 
ly turns convenient handwheel to selected 


speed, indicated by easy-to-read dial. 








OUTPUT SHAFT 
\\controt. screw 


AT MAXIMUM SPEED SETTING . . . chain 
grips wheel grooves near perimeter of 
input side and near center of output side. 





AUTOMATIC ADJUSTMENT of chain ten- 
sion —by ny hand screw—assures 
ong life of drive. 


accuracy during 








AT MINIMUM SPEED SETTING .. . relative 
position of chain to wheels is reversed, 
delivering low output shaft rpm. 





COMPARISON OF ACCURACY WITH P.LV. , 
AND 3 OTHER VARIABLE SPEED DRIVES 











P.LV. 


TYPE “A” 


Using P.I.V. as a standard, bars indicate 
comparative ability to maintain desired 
rpm from no-load to full-load relative to 
three conventional variable speed drives. 
Chain principle of P.I.V. minimizes speed 








TYPE “Cc” 


TYPE “B” 


ee ene —_ 


drop—loss of accuracy which may affect 
product quality and uniformity. Operat- 
ing independent of friction, P.I.V. provides 
instant, positive selection regardless of 
load or atmospheric conditions. 








makes mechanical, hydraulic, elec- 
tronic and pneumatic controls for 
regulating these drives automatical- 
ly, and these are detailed in Book 
2349. Ask your Link-Belt office. 
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LINK-BELT COMPANY: Executive offices, Pruden- 
tial Plaza, Chicago 1. To Serve Industry There 
Are Link-Belt Plants, Sales Offices, Stock Carry- 
ing Factory Branch Stores and Distributors in 
All Principal Cities. Export Office: New York 
7; Canada, Scarboro (Toronto 13); Australia, 
Marrickville, N.S.W.; South Africa, Springs. 
Representatives Throughout the World. 14,104 
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You’re looking at a roomful of design engineers. Like yourself, 
perhaps, they push themselves to achieve a “let’s do it better 
for our customers” result. It’s idea-creating work in a challeng- 
ing mental atmosphere. 


They work mostly on special clutch applications . . . been doing 
it for years. When a job poses a new problem they ask them- 
selves: “Can we use one of our standard designs in this assembly 
rather than create a new one?” ... More often than not their 
answer can be yes. 


Secret of this adaptability is the result of pioneering engineer- 
ing experience combined with Formsprag’s basically simple 
design (see cutaway photo below). Imagine how these skilled 
designers can modify components to cover an enormous range 


ALE of applications. The cost is usually only slightly above that of 


a standard model. 





Drawing on their long experience with special application 
problems, Formsprag engineers are able to custom-tailor 
clutches from production line parts. You can rest—and plan— 
assured that Formsprag will design, build prototypes and 
volume produce special clutches to your complete satisfaction. 





Special application Formsprag clutches like these can be 
priced advantageously when the application calls for use of 
Formsprag’s vast fund of developmental engineering know- 
how. Let us send you literature that discusses in detail 
Formsprag clutches for standard and special applications. 





Over-Running, Indexing and Backstopping Clutches for 
aircraft, automotive, and various industrial applications, 


FORMSPRAG COMPANY 


23603 HOOVER ROAD, VAN DYKE, MICHIGAN , 
(A4-119) World’s Largest Exclusive Manufacturer of Over-Running Clutches 


Distributors in principal cities 
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This Poly-V' Drive Saved *2,000 in Machine Cost! 


every heavy-duty power transmission requirement! 
Poly-V Drive maintains constant pitch diameter at all 
loads. Belt speed ratio and belt position are main- 
tained from no load to full load to assure a smoother, 


No other belt drive delivers as much power in as little 
space as R/M Poly-V Drive. Designers of the giant 
boring lathe pictured above took advantage of this ex- 
clusive Poly-V feature—specified a single unit Poly-V 
Drive to replace the 13 muitiple V-belts previously 
used on the lathe drive. Results? Sheave width was 
reduced 30%, eliminating the need for a cumbersome 
outboard bearing to handle excessive drive weight. . . . 
This saved $2000 in the cost of the machine. 


It’s another example of why design engineers are call- 
ing the patented R/M Poly-V Drive the ideal drive for 
heavy duty power transmission. Poly-V employs a 
single, endless V-ribbed belt running on sheaves de- 
signed to mate precisely with the belt ribs. You get 
up to 50% more power in the same space as a multiple 
V-belt drive, or equal power in as little as 2/3 the space 
—with less shaft overhang, less drive weight! 


Space and weight saving features are just part of the 


story. There are no belt “matching” problems with 
Poly-V Drive and just two belt cross sections meet 


MANHATTAN 
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RUBBER DIVISION — PASSAIC, 


RAYBESTOS-MANHATTAN, 


Sea 


cooler running drive . . . reduce belt and sheave wear. 


Advantages of this amazing new drive concept add up 
to improved machine design and real economy—‘“More 
Use per Dollar”—for both new and existing equipment. 
Let R/M engineers work with you on your power trans- 
mission problems. Contact an R/M representative . . 
or write for Poly-V* Drive Bulletin #6638. 


CONDOR V-BELTS + R/M SUPER-POWER yale 


Write for Bulletin #6868 on the 
complete line of Condor V-Belts 
for regular service on conventional 
V-belt drives. Also write for Bulletin 
#6628 on R/M Super-Power V-Belts 
with 40% more Horsepower capac- 
ity where needed 


JERSEY 


INC. 


*Poly-V is a registered Raybestos-Manhattan Trademark 


NEW 
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CALL ON R/M ENGINEERING SERVICE 


Designers of hydraulic and pneumatic equipment 
like these quality features built into R/M Fabric 
Piston Cups because they mean extra performance 
and longer wear: 


1. Precision molding—Note the clear definition 
of contours, smooth surfaces, clean trimming—all 
evidence of top-flight molding practice. 


2. Superior impregnation—Cut an R/M Fabric 
Piston Cup and you will see how R/M’s special method 
gives deeper, more thorough penetration of the com- 
pound into the fabric. This keeps wicking action from 
destroying the cup internally and gives greater resist- 
ance to ply delamination. 


3. Controlled tolerances—Careful quality control 


SPECIALISTS IN 
SINTERED METAL, 


Brake Blocks, Linings Fon Belts and 
ond Clutch Facings Radiotor Mose 


Mechanical Packings 
and Gaskets 


A CLEAR CASE OF QUALITY ...R/M FABRIC PISTON CUPS 


insures dimensional uniformity, consistent hardness, 
and strict adherence to industry standard sizes. 


R/M Fabric Piston Cups are available to fit 
cylinders from 4 to 12 in. in diameter. Types are 
furnished in varying degrees of hardness for pres- 
sures up to 1500 psi and in different compounds 
to meet specific operating conditions. 


For booklet shown, or other data, 
write, phone or wire: 
PACKING DIVISION 


Raybestos-Manhattan, Inc. 
Passaic, N.J. « GRegory 3-2000 


ASBESTOS TEXTILE DIVISION 


Raybestos-Manhattan, Inc. 
Manheim, Pa. « Manheim 5-2211 


ASBESTOS, RUBBER, 


ENGINEERED PLASTICS 


Abrasive and 
Diamond 
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| FOR HELP IN SOLVING YOUR PROBLEMS 





FRICTION MATERIALS 


Unlike other manufacturers, R/M works with ail kinds of 

friction materials, from asbestos to sintered metals. This 
means that when you consult an R/M engineer you can be 
sure of completely unbiased advice on which materials are 
best for your application. 

Raybestos-Manhattan has been the world’s largest maker 
of friction materials for over 50 years. Whatever your brake 
or clutch requirements, count on R/M experience, and R/M 
manufacturing and testing facilities, for a friction material 
exactly suited to your needs. 

Write for your copy of 
R/M Bulletin No. 500. 


It’s loaded with practical design 
and engineering data on all R/M 
friction materials. 


EQUIPMENT SALES DIVISION 
Raybestos-Manhattan, Inc. 
Bridgeport, Conn. 

Edison 7-3341 
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Conveyor Rubber Lined and 
Belts Covered Equipment 
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etiostht et INC. 


FACTORIES : Passaic, N.J.eBridgeport, Conn. eManheim, Pa. «No. Charleston, S.C. Crawfordsville, Ind. eNeenah, Wis.« Peterborough , Ontario Canada 


Sintered Metal Asbestos 
Friction Elements Textiles 


R/M SUPER-POWER V-BELTS 


On heavy duty drive designs you can increase drive capacity 
as much as 40% with R/M Super-Power V-belts . . . without 
changing present drive design! Or you can save space in new 
drive designs by using narrower sheaves and fewer belts to 
meet horsepower specifications. New stretchless, super- 
strength synthetic cords give R/M Super-Power V-belts the 
extra power capacity. Straight sidewalls give them better 
tensioning and grip.. less slip and longer life on the most 
rugged drives. All-synthetic rubber construction makes them 
oilproof, non-spark and heat resistant. You'll find the same 
engineering in Condor V-belts for general drive applications. 
Whether your application calls for V-belts, rubber hose, 
conveyor belts, flat transmission belting or precision molded 
or extruded parts ... let R/M 
specialists work with you on your 
design problems. 


For booklet shown, or other data, 
write, phone or wire: 
MANHATTAN RUBBER DIVISION 


Raybestos-Manhattan, Inc. 
Passaic, N. J. 
GRegory 3-2000 
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Teflon Tape, Packings, Engineered Molded 
Sheets, is, Tubes Rubber and Plastics 
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for industrial control 15 times more reliable 


With Cypak* control you can introduce a whole new concept of 
reliability for industrial systems. Unlike the mechanical relay, 
CyYPAK has no moving parts. While twenty million open-close cycles 
is usually the maximum life of a mechanical relay, CYPAK systems 
can handle that many cycles in days, without a trace of fatigue. 
Down time due to wear, corrosion, or jamming no longer throws a 
block to expanding control system responsibility. 

One reason for CYPAK dependability is Westinghouse Hipernik® V 
magnetic steel. In toroidal coils, this high-grade steel produces sharp 
current amplification to parallel the mechanical relay step function. 
These important magnetic characteristics are completely protected 
by sealing each CYPAK component panel in a solid plastic block. 

Look into all the new opportunities in CYPAK by calling your 


Westinghouse sales engineer today. J-01008 
*Trademark 


Write today for your free copy of The Whys and Wherefores of CypaK, Booklet 
B-6584, Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. 








WATCH WESTINGHOUSE 


WHERE THE FUTURE IS ALREADY IN PRODUCTION! 
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Get more 







per $ of drive cost 






No other V-Belt has 
ALL these advantages 





1. Tough, resilient Tensile Cords 
Super-strength tensile cords pro- 
vide 40% greater horsepower cae 














pacity ... easily absorb heavy 
shock loads... reduce number of 
belts required . . . save weight and 
space. 


2. Concave Sidewalls (U.S. Pat. 1813698) 

\ "01 fe Concave sides (Fig. 1) increase belt 
life. As belt bends, concave side- 

walls become straight, making uni- 


form contact with sheave groove 
(Fig. 1-A). Uniform contact means 
— 






less wear on sides of belt... far 
longer belt life. — 





3. Flex-Weave Cover (U.S. Pat. 2519590) 


A Gates exclusive provides greater 
flexibility with far less stress on 
fabric. Cover wears longer... in- 
creases belt life...more power 
available to driven machine. 
















4. High Electrical Conductivity 
Built into Gates Super Vulco 
Ropes for safer drives (in explosive 
atmospheres). 





5. Oil, Heat, Weather Resistant 


Special rubber compounds make 
Super Vulco Ropes highly resist- 
ant to heat, oil, and prolonged 
exposure. 
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Gates Super Vz 


HP delivered 
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Cut sheave width and weight 
with Gates Super Vulco Ropes 


You save on cost of iron... you reduce 
bearing width and support... you save space 
and overall cost... when you design a drive 
using Gates Super Vulco Ropes. Here’s why: 


5 Gates Super Vulco Ropes 
do the work of 7 standard V-belts 


That’s because Gates Super V-Belt has 40% more 
horsepower capacity than standard belts. Therefore, ' 
you can reduce sheave width and weight .. . cut cost. 
A wealth of drive data is quickly available to you. 
Simply call your nearby Gates V-Belt Distributor (see 
*phone book yellow pages) for a Gates V-Belt specialist. 
Stocks available in industrial centers around the world. 
The Gates Rubber Co., Denver, Colorado—World’s 
Largest Maker of V-Belts. 


The Mark of Specialized Research 
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[TRUCKING . .. Vital Transportation Link 


Transmission Repairs only .0003c (*omill) 
per mile at SUPER SERVICE 


after an average of 210,176 miles on each of 
172 Fuller Transmissions 


“With the Fuller RoADRANGERS 
in our fleet, we’ve hit an all-time low 
in transmission repair costs,” says Ray 
Carter, Director of Engineering for 
Super Service Motor Freight Co., 
Nashville, Tennessee. 

Super Service recently completed a 
careful check of maintenance records 
for 172 White tractors equipped with 
Fuller 10-speed Semi-Automatic 
ROADRANGER Transmissions. With an 
average of 210,176 miles per tractor, 
company records showed a remark- 
able average repair cost of only 


0003¢ (3/10 of a mill) per mile for 


52 


each ROADRANGER Transmission! 

About two years ago, Super Service 
standardized its entire over-the-road 
fleet on White tractors equipped with 
ROADRANGER Transmissions and 
Cummins diesel engines. From that 
time on, old performance records be- 
gan to fall. 

Operating from the South to the 
with terminals from Nash- 
the Roap- 
RANGER equipped tractors pull 
35-foot aluminum 


ee 
ville to New York... 


square nose, 
trailers that average 52,500 Ibs. gross 
tare weight. The tractors now cut a 


Unit Drop Forge Div., Milwaukee 1, Wis. * Shuler Axle Co., Lovisville, Ky. (Subsidiary) * Sales & Service, All Products, West. Dist. Branch, Oakland 6, Cal. and Southwest Dist. Office, Tulsa 3, Okla. 
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full hour off the old 10-hour trip 
time on the Nashville-East run... 
taking rugged Tennessee hills at 35 
miles an hour when 15 was considered 
a good speed with the old equipment. 

Super Service cuts running time 
and maintenance to a minimum by 
running its rigs straight through from 
Nashville to New York. Drivers are 
changed twice . . . but there’s no need 
to warm up a cold engine at each stage 
of the relay. 

For your fleet, get the facts on 
RoADRANGERS from your truck man- 
ufacturer or truck dealer now. 


ip 


FULLER MANUFACTURING COMPANY 
TRANSMISSION DIVISION * KALAMAZOO, MICH. 
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DU PONT ELASTOMERS 
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Flexible NEOPRENE idlers for conveyor belts 
outlast steel idlers better than 8 to 1 


HYPALON® tank linings 











for strong 
oxidizing agents 


Now a wide range of chemicals can 
be safely handled by storage tanks 
and shipping containers for long 
periods. The secret is a lining made of 
HYPALON, Du Pont’s new synthetic 
rubber. Tank linings of HYPALON 
have extra-high resistance to chemi- 
cals—even the strongest oxidizing 
agents have little effect on linings of 
HYPALON. 


But exceptional chemical resistance 
is just part of the story: HYPALON 
also withstands temperatures from 
250°F. to 350°F. It is completely un- 
affected by ozone and can take pro- 
longed exposure to weathering and 
sunlight without deteriorating. 





TANK LINED with HYPALON for storage of calcium 
hypochlorite. HYPALON is applied by standard lin- 
ing methods, adheres firmly. 


HY PALON can provide extra-high 
durability to products exposed to se- 
vere service conditions; such as hose 
for handling strong acids and hot 
fluids; gaskets and packings in high-" 
temperature service; protective coat- 
ings for metal and masonry; and many 
others. To become acquainted with 
Du Pont HYPALON—just clip and 
mail coupon. 
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NEOPRENE IDLERS are still in service after two years. Accumulated sand previously fouled the steel 
idler bearings, stopped the idlers and damaged the belt. Average service was three months. 


NEOPRENE resists abrasive action of 
sand, retains its flexibility 


At one point in the production of castings 
at a magnesium foundry in the Midwest a 
conveyor belt carries molding sand from a 
chute up a 35° incline to another belt. Sand 
builds up under the belt. When the belt ran 
on steel idlers, sand fouled the bearings, 
jammed the idlers and damaged the belt. 
Average service life of the steel idlers was 
three months. 

The manufacturer decided to install flexi- 
ble idlers made of neoprene. The new idlers, 
developed by Joy Manufacturing Company, 
consist of neoprene discs permanently 
bonded to a flexible neoprene-sheathed steel 
cable and suspended from a single sealed 
bearing at each end. These end bearings are 
up out of the sand so spillage does not affect 
them. The discs supporting the belt, being 
flexible, conform to the shape of irregular 
loads, reducing loss of material through 
spillage, The idlers clean themselves be- 
cause constant flexing forces the sand from 


HYPALON is a registered trademark of 
E.I. du Pont de Nemours & Co. (Inc.) 


RE6 U.S. PaT 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


Please send further literature 
and add my nome to the 
mailing list for your free 
publications, the “Neoprene 


Notebook” and “Facts Name 


E. 1. du Pont de Nemours & Co. (Inc.) 
Elastomers Division, Dept. MD-11 
Wilmington 98, Delaware 
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NEW IDLERS consist of resilient neoprene discs perma- 
nently bonded to a flexible neoprene-sheathed steel 
cable which is suspended from a single sealed bearing 
at each end. 





between the rotating discs, Neoprene was 
the natural choice for this use because of its 
lasting resilience and resistance to the abra- 
sive action of the sand. After two years— 
more than eight times the service life of the 
steel idlers—the neoprene idlers are still on 
the job. 

Specify neoprene in the rubber products 
you design, Of all general-purpose elasto- 
mers, only neoprene possesses a balanced 
combination of properties, For further in- 
formation on designing new or improved 
products with neoprene clip and mail the 
coupon below. 
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show how the Du Pont elas- 





tomers are used in designing 
new products, improving old. 










ELECTRIC MOTORS 
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New Wagner totally-enclosed motors mean 


These new Wagner totally-enclosed fan-cooled motors are particularly suitable for use 
on all types of machine drives. 


They are fully protected against damage from steel filings, chips, dust, dirt, fumes and 
moisture. They require no maintenance other than periodic lubrication. 


If appearance is a factor, you'll find that the pleasing proportions of these motors give 
them that functional beauty obtained only when the design is fundamentally right. Ribs 
on the corrosion-resistant cast iron frames add mechanical strength and increase the 
surface area for more efficient cooling. Full information is given in Bulletin MU-203, 
which is yours for the asking. 


Your nearby Wagner engineer can help you select the right motor for your application. 
Call the nearest of our 32 branch offices, or write us. 


WAGNER ELECTRIC CORPORATION 
6404 Plymouth Ave. ¢ St. Lovis 14, Mo., U.S.A. 





ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS — Air and hydraulic 


BRANES IW 32 PRINCIPAL CITIES 







MACHINE DESIGN 






























HEAVY-DUTY BALL BEARINGS 


mo Highest quality bearings of more than 
ss ample capacity to carry heavy loads pro- 
vide long troublefree service. 


a" BEARINGS CAN BE RE-LUBRICATED 


a a Wagner motors can be re-lubricated when 
necessary to prolong bearing life. New 


° ° 

grease can be added — old grease re- 
Pa moved through openings provided in top 
-.™ and bottom of bearing housing. 
. * 
* * 
° + 


BEARINGS STAY CLEAN 


Both ends of these motors are equipped 
with running shaft seals to keep dust, dirt 
and water from the bearings. There's no 
grease loss because bearing housings 
have cffective seals to prevent escape of 














grease. 
M56-15 
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MECHANICS Roller Bearing UNIVERSAL 
JOINTS excell for both main drives and 
controls — in all kinds of material handling 
trucks Have transmission flanges for any 
type of brake drum Easy to service — 
MECHANICS Close-Coupled UNIVERSAL 
JOINTS transmit more power — in less space 
— at greater angles than any other joints. 
Let MECHANICS engineers help give your 
machines competitive advantages. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2032 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


MECHANI C S 
Roller Bearing Bi 
UNIVERSAL JOINTS 


For Cars + Trucks «+ Tractors + Farm Implements * Road Machinery - 
Aircraft « Tanks « Busses and Industrial Equipment 
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ALCOAS 
UP-TO-DATER 
ON CASTINGS 


Four new-development pages on super- 
strength impellers, uniform-wall castings, 
unusual permanent-mold castings, new 
high-strength alloys, and other meaty data 
for today's smart young men who will 

be supervisors tomorrow. 
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meaty data for today’s smart young men 


“Close Tolerances''—a Misnomer? 


Precision, or close tolerance, casting saves 
a bundle on jobs that used to require 
much expensive machining. ‘Close toler- 
ances” and “‘smooth finishes” are loosely 
used phrases. They mean anything tighter 
than the old sand foundry standard of 
+ %” and 500 micro-inches. 


At Alcoa, by using plaster-mold proc- 
esses, tolerances of 0.005” are possible 
on certain jobs. Pattern smoothness and 
close tolerances are easily reproduced since 
the mold starts as a slurry of gypsum. 
And plaster molding is often combined 
with sand-and-iron molding to produce 
amazing castings. 


Plaster molding, and its ability to be 
combined with other methods, add a new 
tool to the designer’s toolbox. We’d like 
to explore the possibilities with you. 


Sand casting, however, is still far from 
over the hill. It still is the cheapest method 
for a short run and certainly a widely used 
process at Alcoa. Occasionally, on certain 
small items we use match plate techniques 
and high-speed molding machines to knock 
them out faster and cheaper in sand than 
we can do in die castings or permanent- 
mold castings. Our sand castings run from 
a few ounces all the way up to a diesel 
engine cylinder block, 9’ x 6’ x 6’, weighing 
7450 pounds. 


Most Uniform Walls Ever Cast 


Plaster castings with wall thicknesses down 
to .060” are now being made at Alcoa. 
Tolerances are + .005” wall thickness. 
Right now, they’re air scoops for the 
aircraft industry, made in both rounds 
and rectangles up to about 25” long. 
Curved shapes present no problems. The 
process is more expensive but worth it 
because it cuts the weight of an air scoop 
in half. If your problem is thin, uniform 
walls, we’d like to explore the possibilities 
with you. 
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hopped on the new alloy band wagon 
to replace expensively machined 
and fabricated wrought parts 





High-Density Process — At left, X-ray photo of casting 
made by conventional die-casting method. At right, X-ray 
print of same part cast by Alcoa's new high-density proc- 
ess — porosity virtually eliminated. 
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What Is a “Large Permanent-Mold 
Casting ""? 


Not so long ago, permanent-mold castings larger 
than 12 inches and 2 or 3 pounds were rare as 
dodoes. Now we cast a cylinder of 800 pounds, 
36 inches high, 30 inches diameter with 4-inch 
walls in permanent molds. The part is a rolling 
mill bearing. Others include engine pistons of 
250 pounds, compressor cases for jets of 150 
pounds. 


We’re now casting the entire bumper of a 1957 
automobile . . . a routine permanent-mold job. 
These 28-pound castings are not only large but 
also are made in large quantities. 


More than one designer has made himself a 
hero to his boss by looking into permanent-mold 
castings. Smooth and clean surfaces, medium-to- 
long production runs, tolerances of %4” plus .002” 
per inch (although %2” in 5 feet has been made), 
good mechanical properties and modest com- 
plexity usually indicate permanent-mold castings. 


Super-Strength and High-Speed Impellers 


Imagine an impeller, 914” diameter, spinning at 
60,000 rpm. Peripheral tip-speed tops 2500 ft. 
per second, 1800 mph. That’s a casting recently 
turned out by a radical new manufacturing 
technique. Another impeller, to operate at 58,000 
rpm, has delicate curved blades with the as-cast 
leading edges tapering to .020”. These two ex- 
amples are used for turbo-charging and weigh 3 
or 4 pounds. Other super-strength impellers for 
industrial refrigeration weigh 400 lbs. This new 
process gives properties as high as 50,000 psi 
tensile, 35,000 psi yield, 5% elongation. 
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Complex Die Casting — Cylinder head 
and camera frame are interesting ex- 
amples of modern Alcoa Die Castings. 




































































Cost-reduction note: The super-strength process 
can be combined with ordinary cast properties in 
the same part and at substantial savings. 


Die Castings—Greater Use and 


Growing Size 


Just a few years ago, aluminum die castings were 
used mostly as shrouds or covers. Now they’re 
used for many structural parts. Reason: As labor 
rates have gone up, so has the use of die castings 
—to save assembly and machining costs. New 
alloys have given 
aluminum die cast- 
ings greater strength 
and ductility: For air- 
conditioning com- 
pressor parts, auto- 
motive transmis- 
sions, vacuum clean- 
ers, cylinder heads, 
etc. Alloys with high 
endurance limits are 
responsible for the 
increasing use of die 
castings in highly 
stressed reciprocat- 
ing parts. As to size, office chair swivel bases and 
rotary lawn mower enclosures are now being 
die-cast at Alcoa. 





high-density method for 
small, chunky parts 


Alcoa has developed a high-density casting 
method for small chunky parts. Now soundness 
approximating wrought materials is possible as 
examination of the accompanying X-ray photos 
shows. 


Super-Strengih Impeller — Diesel engine 
turbocharger impeller spins at 58,000 
rpm. Edges taper to air cleaving .020”. 
Plaster-casting process. 
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Large Permanent-Mold Casting 
— Rolling mill bearing goes 800 
Ibs., 3 ft. high, 2% ft. diameter, 
4 in. walls. 








Need High-Strength Alloys? 
Here Are Three New Problem Soivers 


Perhaps the toughest nut to crack in designing 
an aluminum casting is to pick the right alloy. 
That is, if you go it alone. Alcoa has over 40 
standard casting alloys and each one is designed 
for a specific use. Your Alcoa representative is 
an authority on alloys. Use him. 


Several of the most recent alloys are worthy of 
special note: Two are alloys C355 and A356 for 
permanent-mold work. Being high-purity varia- 
tions of the familiar 355 and 356, they require 
careful foundry handling but develop extremely 
high levels of strength and ductility. Shown, on 
the next page, are the properties for permanent- 
mold cast test bars for these new alloys in two 
tempers. 





more than one designer has made 
himself a hero to his boss 
with permanent-mold castings 
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Uniform Walls — Plaster-cast air scoop 
includes walls with thicknesses of 
.060”, with wall tolerances of .005”. 
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Mechanical Properties 


In the die-casting field, alloy 
X364 is going to increase applica- 
tions where strength in highly 


stressed parts is important. Its 
properties are roughly equal to 
those of alloy 218, but it’s easier 















































Guaranteed Minimum Typical 
Alloy & Tensile Yield Elong. Tensile Yield Elong. 
Temper psi psi % psi psi psi 
C355-T61 40,000 30,000 3.0 46,000 34,000 6.0 
C355-T62 47,000 40,000 1.5 52,000 44,000 4.0 
A356-T6 32,000 18,000 10.5 37,000 22,000 15.0 
A356-T61 37,000 26,000 5.0 41,000 30,000 10.0 
Tensile Yield Elongation 
Alloy Temper Strength-psi Strength-psi 4 
X364 —f 41,000 22,000 7.5 
X364 —T5 46,000 33,000 4.0 
218 —F 45,000 27,000 8.0 
360 —f 44,000 27,000 3.0 
380 —f 43,000 26,000 2.0 








when a designer needs three eyes: 
for costs, competition and performance 


Straight Talk 


In these days, when a designer 
needs three eyes, one for costs, 
one for competition and one for 
performance, he has often found 
the answer to all three problems 
in Alcoa® Castings. Many times, 
the solid technical help contribut- 
ed by the Alcoa sales engineers 


Your Guide to the Best in Aluminum Value 












and casting specialists has either 
cut costs or improved perform- 
ance. And, because Alcoa offers 
all casting processes their recom- 
mendations are completely un- 
biased. 

The nicest thing about this 
help is that it’s free and waiting 
at your local Alcoa office, listed 


to cast and therefore cheaper. Its 
price will be slightly higher than 
380 and 360 alloys so it shouldn’t 
be specified as a replacement for 
those alloys unless higher strength, 
better elongation and impact re- 
sistance are needed. Shown is a 
chart giving typical properties 
(obtained with die-cast 4” test 
bars) of this experimental alloy 
X364, as compared with 218, 360 
and 380 alloys. 


Right now the ones who have 
hopped on the C355, X364 and 
A356 alloy band wagon are de- 
signers who are using these alloys 
to replace wrought structures 
which involved expensive machin- 
ing and fabrication. But we expect 
real interest from designers faced 
with any part subject to impact. 
Stir up any ideas? 


L 





under “Aluminum ”’ in your classi- 
fied phone book. Better yet, write 
for your copy of Alcoa’s new 
technical book, Alcoa Aluminum 
Handbook, 176 pages, 140 tables. 
ALUMINUM COMPANY OF AMERICA, 
1994-M Alcoa Building, Pitts- 
burgh 19, Pennsylvania. 


















This is a faithful reproduction — in miniature — of 
the time-tested, 2-way, normally closed Skinner V5 
except that the body is made of brass. 

is new, compact Skinner valve weighs only 12 
ounces, yet it’s rugged enough to last millions of 
cycles on most applications. It is a packless, direct- 
acting valve with only two moving parts. And it’s 
absolutely bubbletight — even on vacuum. This 
C-Series Skinner valve is failproof, too — positive 
closing is assured by a spring return. It can be 
mounted in any position and is ideal for direct-line 
mounting. 
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New C-series solenoid valve offers 
recognized ‘‘Skinner Quality’’ at low cost 


Circle 544 on page 19 61 





You’ll find this new valve, with its recognized 
“Skinner Quality,” the perfect low-cost answer to a 
wide range of flow control problems. It works effi- 
ciently with air, water, oils, gasoline and many other 
media. Typical applications include: automotive fuel 
systems, welding equipment, vending machines, lu- 
bricating devices, spraying equipment, air horns, 
water softeners, humidifiers and instrumentation. 

Our Bulletin D11.1 contains complete information 
on this valve — flow curves, optional features, dimen- 
sions, electrical data, etc. We will be happy to send 
you a copy on request. 


ELECTRIC VALVE 
DIVISION connecticut 


THE SKINNER CHUCK COMPANY 











You can build it better — 


BUILT TO LAST. Light in weight, strong and tough, highly re- 
sistant to corrosion and abrasion, the 40-ft. hull of this 
attractive houseboat, built of 12-ga. USS Cor-TEn Steel, has 
what it takes to give long years of low-maintenance, trouble- 
free service. Customarily beached by being run right up on 
the shore, this boat needs Cor-TEN Steel's superior strength 
and high resistance to wear and impact to withstand such 
rough usage. Says the owner, “Despite the fact that on five 
different occasions the boat has been dropped from the dry- 
dock from heights ranging from 6 to 12 feet—treatment that 
would have completely wrecked a boat of usual construction 
—the 51-year-old hull is still in excellent condition and ap- 


pears good for many, many more years.” (This all-steel boat 
was constructed by Kelly Shop, Inc., Jeffersonville, Ind.) 


USS COR-TEN Steel has been approved by the American Bureau 
of Shipping for use in hull construction, either riveted or 
welded, with a general reduction from mild steel weights or 
sections of about 10 per cent. Lloyds Register of Shipping 
has stated that Cor-TEN Steel is acceptable under its rules 
as a special quality steel for ship building. Its use in oil 
tankers, ore boats, dredges, barges and pleasure craft, both 
in fresh and salt water service during the past 23 years, has 
definitely proved USS Cor-TEn Steels exceptional fitness 
for marine construction. 


MACHINE DESIGN 
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In USS Hicu Srrenctu STEELS, design entineers have 
at their command three service-tested steels that will 
permit them to materially increase the efficiency and 
economy of machinery, equipment and structures at 
little or no increase in first cost . . . and frequently at 
less cost. 

All three of these famous “steels that do more”—USS 
Cor-TEN, USS MAn-TEN and USS Tri-TEen “E”—have 
a 50% higher yield point than plain carbon steel. All 


have better atmospheric corrosion resistance and offer 


greater resistance to wear, fatigue and impact. Each, 
however, has specific superior properties that should be 
considered in determining its selection. 

USS Cor-TENn Steel, for example, is distinguished by 
its superior resistance to atmospheric corrosion—4 to 6 
times that of carbon steel. USS MAN-TEN Steel is in- 
tended for weight reduction by means of greater strength 
in moderate forming applications, with enhanced re- 








“PREGNANT PLATYPUS.” That’s what the designers call this new 
combination trailer made to carry two completely unrelated 
types of products. Going in one direction it hauls 800 gals. 
of glue in the “dromedary” tank and 4,000 gals. in the belly 
tank below the trailer. On the return trip it carries 42,000 lbs. 
of plywood in the trailer van. To reduce empty weight and 
obtain greater strength—and at the same time to provide re- 
sistance to the mildly corrosive glue carried—USS Cor-TEen 
Steel was used in both tanks and in the trailer frame, body 
framing and cross frame members as well. As a result, the 
unit weighs 1,800 lbs. (11144%) less than if mild steel had 
been used, and will carry maximum payload, require less 
maintenance and last longer. Built by Peerless Trailer and 
Truck Service, Portland, Ore., for M and M Wood Working 
Company. 


UNITED STATES STBEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS HIGH STRENGTH STEELS 


USS TRI-TEN 


USS MAN-TEN USS COR-TEN - 
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AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. * UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
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with USS High Strength Steels 


sistance to abrasion and atmospheric corrosion. USS 
Tri-TEN “E” Steel’s outstanding characteristics are ex- 
cellent weldability and resistance to shock. 

Used singly or in combination, these steels can 
advantageously replace carbon steel to increase the 
strength and durability of vital parts without increasing 
their weight. Or when the use of thinner sections is feas- 
ible, they can (1) reduce equipment weight without re- 
ducing its strength, or (2) increase the size and capacity 
of equipment without increasing total weight or the 
power required to move it. 

* - * 

You will find our 174-page “Design Manual for High 
Strength Steels” extremely useful in applying the bene- 
fits of these steels to your product. Send for free copy— 
simply write on your company letterhead to United 
States Steel Corporation, Room 2801, 525 William Penn 
Place, Pittsburgh 30, Pa. 





TO BEAT HEAT AND ABRASION. This asphalt mixing plant pro- 
duces tar or asphalt road-paving mixes at a rate of more than 
60 tons per hour. In the dryer, which removes the moisture 
from the sand and stone in the aggregate, temperatures run 
as high as 820° F. Abrasive action is severe. 

To meet these conditions the Barber-Greene Co. of Aurora, 
Ill., builds the entire dryer drum (circle) of USS MAN-TEN 
Steel. In this way they obtain one and a half times greater 
yield point than with carbon steel, greater abrasion resist- 
ance, and greater resistance to heat, impact and vibration. 
These qualities pay off by keeping the equipment more 
continuously on the job. 


STRENGTH 
STEELS 


~ YEARS oF pERFORM! 
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PROCESSING 144 PIECES 
PER HOUR AT 


SNYDER 


SEGMENTED AUTO:AATSION in 23 


segments, 75-station in-line transfer-machine 


permits part design flexibility 


conversion to 


processing similar parts and limits obsolesence 
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EFFICIENCY! 


DUAL FEED PANEL 
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CONTROLLED 


Solenoids contro! shifting 
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de-energized 2 spoo 


This Snyder Automatic drills, reams, spot-faces, chamfers, 
bores, counterbores, mills, taps, and automatically air-gages 
work on automatic transmission front oil-pump bodies at 144 


pieces an hour at 80% efficiency. 


Double A Valves stand up under grueling production loads 
because they are made sturdily to do just that! And a wide 
range of optional features (unique in the industry! ) means 


you cannot fail to select the right valve setup for efficient 
application to a specific job! Users find Double A’s personal 
technical assistance of major importance also...helps with valve 
selection, circuits...service calls on unusually short notice! 
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Alta Engineering Co. 
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OKLAHOMA 
Leo Johns 
Tulsa—Madison 6-3618 


OREGON 
The Rucker Co. 
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PENNSYLVANIA 
The Battersby Corp. 
Abington—Turner 4-6050 
Weinman Pump & Supply Co. 
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Microwaves in the kitchen 


Tappan’s latest electronic range lets you 
cook a 5-pound roast in 30 minutes, bake 
a potato in 4, broil bacon in 1%, heat a 
jar of baby food in 45 seconds. 

Key to this microwave magic is a 
magnetron supplied by Raytheon. It 
generates waves of 2450 megacycles, a 
frequency that requires licensing by the 
Federal Communications Commission. 

These waves do the cooking. They are 
fed into the oven cavity by a guide 
mounted at the top and properly diffused 
by a slowly revolving fan and a sheet of 
glass. 

This glass, as you might imagine, is no 
ordinary piece of window pane. It has to 
pass the high-frequency waves and help 
in their even distribution. It also must 
protect the electronic elements and fan 
from hot, spattering grease. 

Handling the task nicely is Corning’s 
Vycor brand glass No. 7900, one of a 
group of 96% silica glasses exhibiting 
some quite unusual performance charac- 
teristics. 





Tubing below VYCOR glass shield (arrow) is 
an infrared unit to give a pleasant “brown- 
ing” effect to food. 


For example, you can heat an object 
made of No. 7900 glass to 900° C., then 
plunge it into ice water. You'll get no 
cracking, crazing, breaking, or changing 
in shape or structure even after such 
terrific thermal shocks. 

Continuous use at 900° C. is standard 
operation; and intermittent use to 1200° 
C. is both possible and practical. 

Vycor brand glass also does a fine job 
of transmitting ultraviolet at wave lengths 
of 365 millimicrons and higher, and 
short-wave infrared up to 3.5 microns. 

Details on seven of the Vycor brand 
glasses (including facts on manufactur- 
ing, physical properties, uses and forms) 
are summed up in B-91: “Vycor brand 
Industrial Glassware by Corning.” A 
copy awaits your request. 
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Lachrymal lesson 


Legend has it that ancient Romans 
grieving their departed collected their 
tears in small vases and buried the vases 
with the deceased. 

Such vases go 
back to the Rome 
of about 300 A.D. 
Yet, despite this 
antiquity, so many 
are still in such 
perfect shape that 
a tourist can own 
one for the outlay 
of a mere 50 cents. 

Lesson? Oh, yes, 
—these long-last- 
ing vessels for lachrymal liquid were 
made of glass. And glass, as made ¢oday, 
offers the designer a host of useful quali- 
ties, in addition to durability. 

Take as a starter, Pyrex brand glass 
No. 7740. It’s the choice of those whose 
products must cope with corrosive en- 
vironments, thermal shock, and rough 
handling in general. 

Among the literally thousands of useful 
items fashioned from this particular 
Corning glass you’ll find precision lab- 
ware; piping for the food, chemical and 
drug industries; broiler shields; oven 
windows; oven cooking ware; dental and 
medical products; vapor chambers; coffee 
makers and servers; and sundry lamp 
globes. 

No. 7740 is just one of a wide array of 
glasses by Corning available in commer- 
cial quantities . . . which brings us to a 
standing offer: 

You can tap the data files on some 
50,000-odd formulas for glass in quest of 
an answer to your materials problems. 
What we’ve learned about the advan- 
tages (and limitations) of glass we’d like 
to share with you. 

Or, if more background data on what 
you can do with today’s engineered glasses 
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(Advertisement) 


seems in order, send for any or all of the 
free literature listed in the coupon. 


Look, no gasket! 


Troubles—that’s what most of us have 
come to expect with sight glasses used in 


‘ pipelines or other strategic locations. 


Causes are not hard to pinpoint—inno- 
cent tampering, heat and vibration that 
cause failure in soldered joints, various 
forces that result in gaskets degenerating. 

*Til now most of us have quietly ac- 
cepted the inevitable disruptions. But, 
there’s no need to any longer. 

Working with a prominent supplier 
of refrigeration equipment, we’ve come 
up with a real innovation—a gasketless, 
solderless, sight-glass assembly. 





Glass fused directly to metal provides unu- 
sually rugged service in these sight glass 
assemblies. 


In this new Corning development, the 
glass and metal are fused directly to- 
gether. Result? A hermetically-sealed, 
tamperproof arrangement that stands up 
to moderate heats and high pressures. 

A number of variations are available, 
with diameters ranging from 3” to 1”, 
with glasses from 7” to 14” thick. 

Typical performance—%%” diameter 
and a %”-thick glass withstood pressures 
in excess of 5,000 p.s.i. 

If you need to see what goes on in a 
closed system, why not look into these 
windows? 


é ~——— Coumiiog meant weseavch it Clete? ~~~ 7} 
CORNING GLASS WORKS, 52-11 Crystal Street, Corning, N.Y. 


Please send me the following material: Bulletin B-91, “"VYCOR brand Industrial Glass- 
ware by Corning” [(]; Bulletin IZ-1, “Glass . . . its increasing importance in product de- 
sign” ((]; Bulletin B-84, “Manufacturing and Design of Commercial Glass” [_]; Illustrated 
booklet, “Glass and You” []; Information on sight glasses [(]. 
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« Control Components Digest « 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


NEWI MINIATURE RESISTOR for | 
= MINIATURE EQUIPMENT | 


New Ward Leonard 3-watt wirewound fills need for 
high-stability, space-saving power resistor 



































You can still get 5- and 10-watt 
Ward Leonard miniatures 


Ward Leonard 5- and 10-watt Axi- 
ohms have proved themselves in business 
machines, guided missiles, computers, 
communications equipment, and many 
other electronic and electrical devices. 
They have the same wirewound con- 
struction as the new miniature 3X re- 
sistor—differing only in size and wattage 
rating. 

You'll find complete specification data 
on these larger miniature resistors in 
Ward Leonard’s information-packed Cat- 
alog 15. (Complete data on the 3-watt 
+ ee = ie unit will be found in Catalog 15, Sup- 
NEW WARD LEONARD TYPE 8X Resistor plement B.) 









































A 3-watt wirewound with the com- ‘pees m, 
pactness of an ordinary %-watt compo- STOCK VALUES, TYPE 3X 
sition resistor—that’s what Ward Leon- Value* Current Value* Current 
ard’s new Type 3X Axiohm resistor gives (Ohms) (ma) (Ohms) = (ma) 
you! 1 1732 400 87 
This new resistor now makes it prac- 1.5 1413 450 82 
tical to specify a wirewound resistor for 2 1226 500 78 
your transistorized, printed-circuit, or 7 = a4 = 
other miniaturized designs. You get the 5 776 750 63 
wirewound resistor’s drift-free stability, 7.5 632 800 61 
' low voltage coefficient, and high over- = ra on — WARD LEONARD CATALOG 15. Sixty-five pages 
load capacity in a tiny package. 15 447 1100 = of data help you select the right resistor for 
Type 3X Axiohms, like larger Ward 20 387 | 1200 50 any job. 
Leonard Axiohm resistors, are wound 25 346 1250 49 
with special alloy resistance wire on = oa oa = And big ones, too! 
tough miniature ceramic cores. Temper- 40 274 | 2000 39 Ward Leonard Vitrohm resistors are 
ature coefficient of resistance is excep- 50 245 | 2250 36 available in stock sizes up to 200 watts. 
tionally low. : ¢ a > — a Similar resistors up to 550 watts are 
Resistance wire and axial leads are he sss | aeee > made on special order. You'll find these 
spot-welded to end caps, insuring a 150 141 | 4000 27 power resistors in a wide variety of 
strong, permanent, low-resistance bond. 200 123 | 4500 2% mounting styles and types, tapped, un- 
The Poe mere ee is — — i aaa 4 tapped and regular or in, 5 er 
in Vitrohm enamel forming a hard, craze- : : ; 
less, heat-conducting cialis cat — ye Races - — rane iputee me ee 
Leads are tin-dipped for fast soldering. ee b +5 a y a ee oe 
No mounting hardware is required. Con- Thad WARD LEONARD 
gy Ge rating is based on 300°C =20 B&S GAGE WIRE HOT TIN DIPPED ELECTRIC COMPANY 
rise, 40°C ambient. 
Order these resistors by type number ce on ee. a 58 GOUTH ST., MOUNT VERNON, W. ¥. 
(3X) and resistance value (see table at = dae ee | a BReeull- Engineered Contiols Since 1892 
right). DIMENSIONS, Type 8X Resistor RESISTORS + RHEOSTATS + RELAYS « CONTROLS + DIMMERS 
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FLUID MOTOR 

Vane Type 

50 to 3500 rpm 
Pressures to 1500 psi 


i 6 ee SLM 









ARY FORCE 


A BETTER SOURCE OF RO 


OTHER RACINE 
HYDRAULIC PRODUCTS 


Simple, compact and rugged in design, a RACINE Vane Type 


FLUID MOTOR transmits efficient hydraulic horsepower. vate Ye 
ane 
Note its simplicity and the minimum of moving parts, all of which Hydraulic Pam 





are self-compensating for wear. Extra capacity bearings, heavy- 


duty shaft, tool steel vanes and alloy steel rotors, all contribute to PRESSURE BOOSTER 
Up to 5000 psi 


efficient, dependable performance and maximum operating life. Up to 7:1 pressure ratio 





RACINE Vane Type FLUID MOTORS are available in several @. 
sizes with maximum output to 22 horsepower. Speeds from 50 4-WAY VALVE 
to 3500 RPM — operating pressures to 1500 PSI. Twin Solenoid 


Pilot Operated 





Write today for full details, Let us show you why RACINE can 


give you “A Better Source of Rotary Force.” RESERVOIR 
With Control Panel 


Designed to your space 
and circuit requirements 
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RACINE HYDRAULICS & MACHINERY, INC. 





2073 Albert Street 
RACINE, WISCONSIN, U.S.A. 
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Designed for 


RUGGEDNESS ana 








DEPENDABILITY 


For more than a quarter of a century Clark power transmission 
engineers have been thinking in terms of performance and out- 
standing dependability. 


That’s why, when you have a transmission, torque converter, 





drive unit or axle problem, you can find a solution by calling Clark. 
Seasoned, resourceful Clark engineers are always available to work 
with your engineers. Over the years dozens of manufacturers have 
found this “teaming-up” to be the 
quickest, easiest way to be certain 


of superior performance. C iq p K 
You'll find IT’S ALWAYS GOOD 
BUSINESS TO DO BUSINESS EQUIPMENT 


WITH CLARK. 











TRADEMARK OF THE CLARK EQUIPMENT COMPANY 


CLARK EQUIPMENT COMPANY 


Buchanan, Jackson, Benton Harbor, Battle Creek, Michigan 


Write for this new 42 
page book illustrating and 
describing the products 
and facilities of CLARK. 
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Rollway Maximum 
Bearings are used in 
Lapointe Broaching Machines 





Rollway roller bearings regularly offer performance 
capabilities for more than the needs of today. They are continuously 
anticipating the operating requirements of years ahead. 


Wherever bearing precision and load values are important R HH] LLW A “4 : 
in your plant or products — for original equipment or replacement 


service — call on Rollway bearings of the future, to give you the utmost es 
performance in your machines of today. Rollway Bearing Company, ROLLER BEARINGS 


Inc., 549 Seymour Street, Syracuse 4, N. Y. Manufacturers of a 
complete line of radial and thrust cylindrical roller bearings. 


ENGINEERING OFFICES: Syracuse * Boston + Chicago + Detroit - Toronto « Pittsburgh - Cleveland + Milwavkee + Seattle * Houston * Philadelpia « Los Angeles * San Francisco 
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New Vickers Airborne Electrical Power Package 


.-- Saves Weight 
and Space 


Utilizes the Hydraulic 
System for More Efficient 
Production of AC Power 


This new isolated electrical power 
package provides closely regulated AC 
power with minimum weight and en- 
velope while drawing its power from 
a hydraulic system. In new designs 
or when adding electronic equipment 
to aircraft designs in which the elec- 
trical system is already loaded to ca- 
pacity, this versatile package provides 
the needed AC power from flow avail- 
able in the hydraulic system. This 
generally is permissible without sys- 
tem change as the full flow is seldom 
demanded except for a few seconds 
under rare circumstances. Even in such 
cases, full flow can be guaranteed 
to these hydraulic functions through 
the use of a simple priority valve 
which starves the AC power package 
momentarily. 


Less Weight and More Efficient 


Important weight savings are 
achieved through the use of this pack- 
age instead of an inverter which may 
also require an increase in the DC 
generator and line capacities. In one 
instance, the 10.5 lb 1 kva package 
replaced a 38 lb inverter for co-pilot 
instrumentation. An additional advan- 
tage is that the package has 62% 
overall efficiency while that of the 
inverter was 35-40%. 

Extreme altitude operation is no prob- 
lem as the Vickers isolated electrical 
power package contains no brushes or 
other altitude-sensitive components. 


Features of AC Generator 


The permanent magnet type AC 
generator has excellent life and reli- 
ability. It requires no bulky voltage 
regulator . . . is inherently smaller and 
lighter than conventional generators 
due to the elimination of the exciter 
and slip rings. It also has higher over- 
all efficiency resulting from elimination 
of all excitation losses. Additional 
advantages are that the permanent 
magnet is unaffected by momentary 
short circuit, or separation of field and 
armature without keeper, or by tem- 
perature cycling. It is also not sus- 
ceptible to aging or shock. This unit 
is 120/208 volt, three phase, wye con- 
nected with 400 cps at 8000 rpm. It 
is capable of continuous duty under 
environments of 0-55,000 feet altitude 
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and ambient temperatures from —65 
F to 250 F. 


Hydraulic Motor Drive 


The generator is directly driven by 
a Vickers Constant Speed Hydraulic 
Motor having fixed stroke and an 
integral flow control valve that main- 
tains an 8000 rpm speed setting within 
+2%% regardless of the load (as long 
as valve inlet pressure is greater than 
load requirement). For the unit shown 
above, maximum operating pressure 
is 3000 psi while rated output of 1 kva 
requires operating pressure of 2200 
psi. Special configurations will main- 
tain 400 cps frequency within +0.1% 
regardless of load. This motor has a 
very high horsepower-weight ratio and 
its overall efficiency exceeds 92%. It 
is a time-proved design capable of 
many hundreds of hours of continuous 
service without attention. 


Many Uses and Sizes 


The applications for this isolated 
power source are numerous. For multi- 
engine aircraft, its use for co-pilot 
instruments provides dual reliability. 
This package has been used to supply 
controlled frequency AC power in 
emergencies when the only source of 
power in the airplane is a ram air 
turbine driven pump. The efficiency 
of this arrangement minimizes the size 
and weight of the ram air turbine 
necessary to provide emergency hy- 
draulic and electric power. 7492 
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Now available in the sizes listed 
below, larger packages can also be 
supplied from existing components. 
Vickers is prepared to develop the 
package best suited to a specific need. 
For further information, write for bul- 
letin A-5213 or get in touch with your 
nearest Vickers Aircraft Application 
Engineer. 














sage 
_ -Wiekers Airborne Electrical 
Power Pack 
kva output weight, pounds 
—6«/O5 ~~ 70 
10 10.5 
15 125 
2.0 ib 
2.5 17 
3.0 19 
Larger capacities with minimum 
weight are available. 








VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
Department '430 @ Detroit 32, Michi 

Aircraft Application Eng! and Service O : El 
Segundo, California, 2160 E. imperial Highway « Detroit 32, 
Michigan, 1400 Oakman Blvd. (Service Only) « Arlington, 
Texas, P. 0. Box 213 « Washington 5, D.C., 624-7 Wyatt Bidg. 
Additional Service facilities at: Miami Springs, Florida, 
641 De Soto Drive 
TELEGRAMS: Vickers WUX Detroit e TELETYPE “ROY” 1149 
CABLE: Videt 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., Ltd, 
Great West Road, Brentford, Middx., England 


Engineers and Builders of 
Oil Hydraulic Equipment Since 1921 
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Here’s a NEW way to 






lave color... and 
keep costs down 


You can do just that, with phenolic moldings eco- 
nomically and permanently colored (without the use 
of prime or multiple coats) by a new coating based 
on BakeLiTE Brand Epoxy Resins. 

Phenolics, of course, are recognized for their low 
cost, easy moldability, excellent dimensional stability 
and electrical insulating properties, resistance to heat, 
water and chemicals. But, until now, they had to be 
passed by when bright color was a requirement. There- 
fore, color meant higher costs with other materials. 

Today, with the development of this new coating, 
manufacturers can have color in a single coat and still 
retain the production economies and quality advan- 
tages of phenolic moldings. 

BakELITE Epoxy Resins are well known for their 
adhesive properties. The new enamel not only adheres 
firmly to the glossiest phenolic surface, but equally 
well on steel, tin, brass, copper, aluminum, wood, and 
many other plastics. It has excellent heat, corrosion, 
chemical and abrasional resistance. A wide range of 
colors is available, with finishes from dead flat to high 
gloss. Curing is by air drying, force drying, or baking. 
Air-dry pieces can be handled in about two hours... . 
and the possibility of curing with low or no heat opens 
up the field of precision parts to color. A further ad- 
vantage in production is that color is switched at the 
spray booth, not at the molding machine. Changeover 
time is eliminated. Inventory of colored raw materials 
is cut. 

Investigate these new coatings. They can give you 
new ideas on how to design for color . . . as well as 
economy. Write Dept. VJ-103. 


It pays to specify O 

COO 

coatings based on... & 
BAKELITE 


BRAND 













































EPOXY RESINS 


Rexton Finishes, Inc., Irvington, N. J., developed the coatings described. 





BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation (a3 30 East 42nd Street, New York 17, N. Y. 
The term Baxe.ire and the Trefoil Symbol are registered trade-marks of UCC. 








72 Circle 553 on page 19 MACHINE DESIGN 









New fiber gasket takes heavy loads 
with minimum bolt-torque loss 


With Armstrong N-820 Accopac®, you can handle sealing jobs 
at high flange pressures even where temperatures at the gasket 
line go as high as 250° F.—conditions under which ordinary 
plant-fiber gaskets would permit serious loss of bolt-torque. 
Field experience with N-820 Accopac shows that it has a 
maximum torque loss of 10-15%. This unusual performance 
often eliminates the need for re-torquing bolts in order to 
maintain the desired bolt pressure. 
N-820 is made by a patented Armstrong process in which 
cellulose fibers are beater-saturated with a non-volatile latex 
Lo binder. The result is a dense, crush- 
LOAD IN PSI resistant material which has excellent 
COMPRESSIBILITY. N-820, less cémpressible than a spaimaraay characteristics. 
other Accopac materials, is recommended for heavy- For more information on N-820 Acco- 
duty applications where flange pressures will be 2000 pac, write Armstrong Cork Company, 
psi or more and temperatures do not exceed 250° F. 7011 Dean Street, Lancaster, Pa. 


PERCENT COMPRESSION 


(Aymstrong accopac 


... used wherever performance counts 
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Constant volume 
2000 psi continuous 
duty Denison vane 


pump. 























Hydraulically balanced 
vane utilizes internal oil 
pressure to maintain constant 
pressure of sealing edges 
against cam ring. 


2000 Pi oF 





By Ellis H. Born 


V A Ni ~ Chief Application Engineer 
Denison Engineering Division 
American Brake Shoe Co. 
Columbus, Ohio 


§ U ivi ' gS NEFFICIENCIES introduced by 


line loss are reduced 50% by 
increasing the pressure from 1000 
to 2000 psi. 
In designing hydraulic circuits, 
it is normal to limit line velocities 
to a maximum of from 15 to 20 
P; r Op er App I i cati on feet per second, permitting the use 
of the smallest practical lines, 
valves and fittings. The pressure 
Hydr. aulic P er. fi ormance drop in transmitting the fluid me- 
dium is thus dependent on flow 
velocity, number of valves and fit- 
Operating Characteristics tings, and line length. If, for ex- 
ample, the pressure drop of a given 
system is 50 psi, this would repre- 
sent a loss in transmission of 5% 
for a 1000 psi system and a loss of 
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2.5% for a 2000 psi system. The 
power lost in transmission is thus 
reduced 50% by using 2000 psi 
components. 

In sizing components for the 
transmission of a given horsepower, 
an interesting comparison of com- 
ponent size, weight and costs can 
be made. For example, if a job re- 
quires the transmission of 16 horse- 
power, a flow of 16 GPM at 2000 
psi working pressure, or 32 GPM 
at 1000 psi, would be required. 
Thirty-two GPM would require 
114” valves, but 16 GPM only 34” 
valves. The use of the higher pres- 
sure results in a great advantage in 
that the hydraulic system can be set 
up with components of lower 
weight, lower cost per horsepower 
and smaller, more easily installed 
pumps, motors and valves. 

Additional gains in hydraulic 
efficiencies are realized by the fully 
balanced design, not only on the 
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BALANCED VANES 


EFFICIENCY % 


rr rt per oe ee er re 
\ ee) 


Cutaway illustrates 
pump rotor and cam 
ring assembly, 
(Below) Pressure 
balancing relieves by- 
draulic bearing loads 
between vanes and 
cam ring. 


OPERATING PRESSURE PS. 
Performance Curve of 2000 psi vane 
type pump illustrates high volumetric 
efficiency attained with double seal, 
balanced vane construction. 





rotor, but on the vanes themselves. 
Four years of field experience shows 
that high volumetric efficiencies are 
maintained over longer periods of 
service. Wear on cam rings is re- 
duced over conventional designs 
where the vane is held against the 
cam ring by hydraulic pressure. 
The balanced vane is achieved 
by a construction allowing the vane 


fill out and mail to 


1240 Dublin Road 
Columbus 16, Ohio 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 


Please send specific data on proper application of vane 


pumps for my needs. Problem is 









to be open at both ends to pressure 
on the pressure stroke, and to suc- 
tion on the suction stroke. 
Specifications and application 
data on this vane pump, which also 
operates as a hydraulic motor, are 
available by writing. 
DENISON ENGINEERING DIVISION 


American Brake Shoe Company 
1240 Dublin Road, Columbus 16, Ohio 
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WHAT'S 


NEW 


AT BLOOD 
BROTHERS 




























BLOOD BROTHERS P.T.0. Drive Lines 
Selected by MaW GEAR CO., Inc. for 


Exciting NEW | 
 TRACTOR-TESTING DYNAMOMETER 


itn nla: 


a 
” 


J 


Tractor repairmen and dealers are enthusiastic about this new 
test unit because it meets a real need in the farm tractor field. 
The only machine of its kind on the market, M&W’s new dyna- 
mometer brings actual field operating conditions into the shop. 
Mechanics can test the pull power of farm tractors and accu- 
rately adjust ignition, carburetion and engine speed under full 
load for peak performance and economy. 

Here’s another example of the preference shown by farm 
implement manufacturers for Blood Brothers Drive Lines. They’re 





Blood Brothers Safety-Shield Drive Line 
handles torque loads easily—and pro- 


selected for almost all new developments and improvements by tects mechanics working in close quar- 
the progressive Implement Industry because of their field-proven ters around tractor and dynamometer 
dependability and superiority. in garage or implement repair shop. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED. 


BLOOD BROTHERS 
MACHINE DIVISION UNIVERSAL JOINTS 

















= een araranenenenenenceasenwananannanan anenenanananenanen eames aman = +— AND DRIVE LINE 
ROCKWELL SPRING AND AXLE COMPANY ASSEMBLIES 
' ALLEGAN, MICHIGAN 
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Farrel speed reducers 
pay off with 
benefits like these 


EXTRA LOAD-CARRYING CAPACITY 


The gears in a Farrel speed reducer are continuous tooth 
herringbone. Instead of a center groove they have a 
backbone where the helices meet. This backbone puts 
the full width of each gear to work transmitting power, 
providing extra strength and greater load and shock 
capacity in smaller space . . . perfect for speed reduc- 
tion jobs. 


SUSTAINED EFFICIENCY 


When you specify Farrel, you’re assured of sustained 
operating efficiency throughout a long service life, 
thanks to sound engineering, accuracy of manufacture 
and use of highest grade materials. Gears are precision- 
generated; a husky housing maintains operating smooth- 
ness of working parts; bearings are antifriction through- 
out; lubrication is continuous splash for the gears. 

BROAD SELECTIVITY 
Name the job . . . Farrel has the speed reducer. Both 
heavy-duty and light-type units are available in a broad 
range of sizes, and in a series of standard ratios as fol- 
lows: Single reduction — from 12:1 to 10:1; double 
reduction — from 10:1 to 70:1; triple reduction — from 
83.9:1 to 323:1. Special designs are obtainable. 

These benefits, together with many others, are the 
result of experience gained in thirty-fwe years of speed 
reducer manufacturing. They add up to give you year- 
round, trouble-free service. W rite for free booklet which 
details the full line of Farrel speed reducers. Ask for 
Bulletin 450. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 


Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. Sales 
Offices: Ansonia, Buffalo, Boston, Akron, Ann Arbor (Mich.), Chicago, Min- 
neapolis, Fayetteville (N. C.), Los Angeles, Salt Lake City, Tulsa, Houston 


Farrel-Cirmingham 
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G-E PANEL PROVIDES AUTOMATIC SPEED 
SELECTION FOR EACH OF 6 TURRET FACES 


The new Hydra-clutch Headstock manufactured by the 
Jones & Lamson Machine Company is controlled by a 
General Electric factory-built Pan-A-trol packaged 
control panel. This machine is designed to reduce 
machine handling time and operator fatigue. 

Equipped with a power indexed hexagon turret, the 
Headstock features pre-selected spindle speeds which 
are automatically changed for each of the six turret 
faces. Speed selection and changes, and power indexing 
are controlled by G-E oil-tight push buttons and selec- 
tor switches, along with indicating lights, in the . 
operator’s station. co tor ter we a i 
The factory-built panel is constructed to JIC standards, : $ A 
and contains standard high-quality G-E starters, 
machine tool relays, pneumatic time-delay relay, and 
other devices. The machine tool relays control the 
power feed and indexing of the turret head. 

Latched-in forms of the machine tool relay control 
solenoid valves. Spindle speed changes are accomplished 
by these valves engaging or disengaging hydraulically 
operated multiple-disc clutches. 

This Pan-A-trol packaged control panel was shipped 
from our factory completely wired. Only connections 
from the machine to the panel terminal board had 
to be made. 


feat 
‘a 





PAN-A-TROL PANEL was factory-built to JIC standards. Panel 
provides: motor starting; motor reversing; motor overload pro- 
tection; over-current protection; and a disconnecting means. 





on machines for industry 


GENERAL ELECTRIC’S NEW 


Machine Tool and Time-Delay Relays 
Control New 32-speed Headstock 


General Electric’s new machine tool relays and 
pneumatic time-delay relay, installed in a G-E factory- 
built Pan-A-trol* packaged control panel, provide 
precise control for this 32-speed Hydra-clutch Head- 
stock, manufactured by Jones & Lamson Machine 
Company of Springfield, Vermont. 


MACHINE TOOL RELAYS offer a high degree of 
dependability on automatic machinery such as this 
Headstock. The Strongbox coil in the machine tool 
relay is molded in a polyester resin to seal out moisture 
and oil. Permanently attached contact springs assure 
proper tip pressure. Also, contacts change from nor- 
mally open to normally closed without extra parts. 


PNEUMATIC TIME-DELAY RELAY provides high repeti- 
tive accuracy with negligible effect from humidity or 
atmospheric pressure changes. It is adjustable from 0.2 
to 180 seconds. A rigid die-cast aluminum base prevents 
misalignment which might affect relay accuracy. 


FOR MORE INFORMATION, contact your nearest : 
General Electric Apparatus Sales Office, or write PNEUMATIC TIME-DELAY RELAY prevents operation of 


Advertising and Sales Promotion, Section 731-4, power wrench on Headstock before it stops spinning. 
General Electric Company, Bloomington, Illinois. 


* Trade-mark of General Electric Co. 


GENERAL @@ ELECTRIC 


GENERAL ELECTRIC’S MACHINE TOOL RELAY FAMILY 


MACHINE TOOL RELAYS have front-connected terminals, LATCHED-IN FORMS have a standard machine tool relay 
can be wired from four directions for easier installation. plus a latching mechanism, which mechanically holds the 
Also, three keyhole slots simplif: mounting the relay. contacts closed to maintain the continuity of sequencing. 
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VALVYVATL Fe 


is everyuwhere 


Zi 


Valves — by Valvair — are 
everywhere . . . on the best 
production and automated 
equipment . . . in mills, fac- 
tories, foundries and assem- 
bly plants. 

That’s because they deliver 
performance. Users report 


Speed Kings are still working . 


satisfactorily after 25 million 
cycles. And they’re guaran- 
teed against coil burnout for 
the life of the valve. What’s 
more, with Valvair valves 















you pay for only the features 
you want for your specific 
application. 

And equally important, 
Valvair has sales-service rep- 
resentation in all major in- 
dustrial areas. So bring your 
valve problems to Valvair 
first —for Valvair is every- 
where. A call will bring our 
representative on the double. 
Valvair Corporation, 454 
Morgan Avenue, Akron 11, 
Ohio. anaes 


Representation in: Baltimore * Birmingham « Boston « Buffalo « Charleston, W. Va. « Chicago 
Cleveland « Cranford, N. J. « Dayton « Denver « Detroit « Eureka, Calif. « Grand Rapids 
Houston - naeeape ° Kansas City, Mo. « Logansport, Ind. « Los Angeles « Lovisville « Miami 





* Muncie « New Orleans « New York « S. Pasadena « Philadelphia 


Pittsburgh « Portland, Ore. « St. Lovis ¢ Seattle « San Francisco * Syracuse * Montreal 
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Toronto « Vancouver 
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The Hard Core 


the military and were in turn divorced by the 

mechanicals and electricals, the primary concern 
of the two latter groups was power. The civils concen- 
trated on structures while the mechanicals and electricals 
devoted themselves to machines for the production and 
utilization of power. 


W tre. the civil engineers divorced themselves from 


| 
| 


Thus the broad activity known as machine design was 
born. Early machines were designed primarily to extend 
man’s muscle power—mechanization. With drives provid- 
ing the muscles, controls provided the supervision or 
direction. 


This issue of MACHINE DESIGN is the twentieth in 
an annual series devoted to drives and controls, which 
continue to be the hard core about which all other aspects 
of the design of a machine revolve. As the diversity of drive 
and control methods and equipment has grown, these issues 
have served an important purpose in focusing attention, 
in one place at one time, on all phases including mechanical, 
electrical, electronic and fluid power. 


Whatever the end use of machines—for transporta- 
tion, for performing household tasks, for generating power, 
to cut metal or to drill holes in teeth—it is their drive 
and control elements that give them the kinship which 
cements and defines the scope of what we call machine 
design. 


# heniscalliial 


EDITOR 





















Topsy’s belief that she wasn't born 
but just growed aptly characterizes 
many engineering departments. Man- 
agement concern is justified when en- 
gineers appear to be an aimless aggre- 
gate rather than a well co-ordinated 
team. 

Many weaknesses in the engineering 
program can be traced to organizational 
defects. Organization isn't a panacea 
for every problem in the engineering 
department, but a sound organization 
structure will carry the engineering man- 
ager over many rough spots that would 
spell disaster in an otherwise weak 
organization. 

This article presents the four steps es- 
sential in the building of an effective 
engineering organization. 


OUND organization structures provide a frame- 

work for effective engineering activities. In- 

adequate organizations magnify operating 
weaknesses. 

If engineering management knows what it wants 
to do and sets up the proper organization, staffs 
it adequately, and manages it soundly, any de- 
sired objective can be achieved within practical 
limits. Success has been built on this principle. 
When the inherent wisdom of this principle has 
been ignored, important engineering undertakings 
have failed. 

The starting point in building a successful en- 
gineering operation is basic organization. Yet this 
vitally important first step is the last one taken 
by some engineering administrators. 

The organization structure establishes the frame- 
work within which operations take place. Once 
the broad functions to be performed have been 
determined, the organization structure determines 
interrelationships that should exist between these 
functions for maximum working effectiveness. In 
addition, formal organization steps put everyone 
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ENGINEERING ORGANIZATION 


concerned on notice that specific relationships do 
exist and are to be observed in the interests of 
harmony. 

Organization is a continuing process. Not only 
must it precede operations but organization itself 
must develop along with engineering activities. 
Today’s engineering operations can’t be carried out 
effectively with yesterday’s organization. Technolo- 
gy strides forward rapidly. Technical organiza- 
tions must keep pace by means of a continual proc- 
ess of organizational development. An organiza- 
tion begins to be outmoded by progress the mo- 
ment the initial organization structure is com- 
pleted. Organization development must be recog- 
nized as a continuing management function. 

As rapidly as technological innovations appear, 
as promptly as engineering work points toward 
new horizons, the engineering organization should 
be revamped to fit new requirements. Acceptance 
of the need for these new requirements has been 
one of the apparent secrets of the success of ex- 
panding engineering departments in growth cor- 
porations. 


The Administrator's Key Role 


Sound management is based on practices that 
have proved successful. Fortunately engineers can 
test ideas in the experimental laboratory under 
carefully controlled conditions and on a scale com- 
mensurate with the risks and costs involved. On 
the unfortunate side, management ideas can rare- 
ly, if ever, be proved by a laboratory-scale experi- 
ment. Operations themselves must provide the prov- 
ing ground. 

Consequently, management knowledge must be 
gained largely from a study of the experiences 
of others. Because opportunities are limited for 
testing out new concepts and ideas, it is even 
more imperative that these practices receive the 
careful attention and consideration of manage- 
ment men lest new developments go unrecognized. 

Final decisions on engineering management mat- 
ters must be made by the engineering adminis- 
trator. No one can execute the manager’s function 
but the manager himself. His training background 
and experience represent years of preparation for 
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decisions that he alone must make. 

Execution of this responsibility calls for knowl- 
edge and facility in applying organizational con- 
cepts within the engineering operations. To a de- 
gree, outside assistance may be retained but the 
final responsibility for action rests with the en- 
gineering administrator, not an outsider. There 
are very few individuals who are competent to 
help the engineering administrator. Demands on 
their time are heavy; their availability when most 
needed is limited. 

Engineering administrators should be particular- 
ly critical in selecting outside consultants. They 
should inquire into the actual ‘‘on the job” experi- 
ence of the consultant in the particular field in 
which the consultant professes competence. Such 
references should be tracked down and checked. 

Anyone can call himself a consultant; few qualify 
in competence. Qualified consultants are willing to 
provide references. References should be of two 
types—those who can testify as to the consultant’s 
practical experience on the job and those who can 
testify as to the consultant’s ability to act effec- 
tively in an advisory capacity. 

The only type of individual whose consultaiion 
is worth much to the engineering administrator 
is a man who, prior to undertaking to offer a 
consulting service, has had from 10 to 20 years 
of experience in industry in a responsible operat- 
ing position in the area of his subsequent pro- 
fessional specialty. The number of such individuals 
available in relationship to the number who offer 
consulting services is small. 

It can be readily appreciated that the engineer- 
ing manager’s responsibility is not one which can 
be readily transferred even in part. To act effec- 
tively, the engineer administrator should have a 
first-hand appreciation of organizational funda- 
mentals. 


Engineering Assignments Determine the 
Most Suitable Type of Organization 


There isn’t any best type of engineering organi- 
zation. Every engineering group is faced with a 
different assignment. Individual assignments de- 
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for Profitable Performance 











































By Philip Marvin 
American Managament Association 
New York 


termine the type of organization needed for op- 
timum output. 

Objective organization planning is based on the 
jobs the engineering group must tackle. A model 
organization should be built around actual require- 
ments. The existing organization should then be 
compared with this model before any reorganiza- 
tion activity is programmed. 

Engineering managers experience most of their 
trouble in developing the model organization 
around basic work requirements. Once this step 
is completed, once they have their model, it ap- 
pears to be relatively easy for them to reshape 
the existing structure to the new pattern. The 
difficulty experienced in developing a model or- 
ganization is usually traceable to the lack of a 
plan of attack. Armed with a clearly defined course 
of action, engineering administrators generally ex- 
perience little difficulty in attacking organizational 
problems. Several clearly defined steps are recog- 
nizable as essential in organization building. 


Step 1: Define Functions To Be Performed 


Engineering objectives vary from company to 
company. Overall objectives most commonly fall 
into eight categories. 


1. Development of radically new products, proc- 
esses and manufacturing equipment. 

2. Development of lower-cost products, processes 

and manufacturing equipment. 

3. Development of new and improved functions in 
products, processes and manufacturing equip- 
ment. 

. Establishment of standards. 

. Control of quality. 

. Technical service to divisions and customers. 

. Design and maintenance of production equip- 
ment. 

8. Technical counsel to corporation, customers and 
special-interest groups. 


AQ a 


In any engineering department, these broad ob- 
jectives can be narrowed down into specific and 
immediate demands. Analysis of these specific 
demands on the engineering department reveals 
to the engineering manager the types of distinct 
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ENGINEERING ORGANIZATION 





activities that must take place within the depart- 
ment. 

These functions are either of a technical nature 
or of an administrative character. These distinct 
activities are the building blocks of the organiza- 
tion. Failure to give recognition to each of these 
vitally important functions in developing an organ- 
ization can result in seriously limiting the effec- 
tiveness of the organizational programming. 


Step 2: Establish Functional Groupings 


Technical considerations determine .the group- 
ing of functions within the engineering department 
to a large degree. The result often presents an 
unwieldy structure from an administrative posi- 
tion. Not more than five individuals should report 
to the top engineering administrator if he is to 
have time to execute the responsibilities of his 
office. This policy must be carried down into lower 
echelons. As managerial responsibilities give way 
to purely supervisory duties, the number of report- 
ing individuals can be increased. 

Experience has proved that engineering admin- 
istrators are effectively served when engineering 
activities report to them through a technical direc- 
tor and an administrative director. There is con- 
siderable merit in this structure. Hard-to-find 
technical people are spared many time-consuming 
administrative duties. In addition, administrative 
duties are grouped with resulting uniformity of 
policies and procedures. 

Whatever the decision with respect to reporting 
functions, in arranging groupings it is important 
to minimize the number of individuals reporting 
to those charged with managerial responsibilities. 
The allowable maximum appears to be three line 
executives reporting to the chief engineering ex- 


ecutive. As many as five line managers may be 
acceptable in reporting relationships at lower 
echelons. 


Step 3: Develop Line Relationships 


The chief engineering executive occupies the 
top position in the line of authority for engineer- 
ing activities. Centralization of authority in the 
hands of the chief executive provides for quick, 
decisive action and flexibility. The premise is, of 
course, that he understands how to use his line 
executives in a way that permits them to operate 
in an efficient manner. 

Engineers in line positions should have com- 
plete authority to make all decisions on matters 
for which they are held responsible. Engineers 


who are placed in management positions without 
adequate authority to act lack one of the most im- 
portant tools of management. 

Engineers in line positions should be account- 
able to a single superior and in turn should estab- 
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lish simple and direct lines of authority and ac- 
countability within their own areas of responsi- 
bility. 

Proper relationships between responsibility, 
authority and accountability must be preserved if 
line organizations in the engineering department 
are to function smoothly. Each engineer in a line 
management position is accountable only to the 
executive directly above him and he should be 
vested with complete authority associated with 
his area of responsibilities. 


Step 4: Utilize Staff Services 


Successful engineering administrators make use 
of staff services to multiply their effectiveness. 
Executives can’t personally investigate every mat- 
ter of importance related to their decision-making 
responsibilities. They can’t keep informed on all 
subjects in rapidly advancing technological areas. 
No one has succeeded in being an expert in every 
field which the engineering manager must cope 
with in administrative work. Engineers who have 
tried have become so hopelessly enmeshed in de- 
tail that they have failed in their administrative 
assignment. 

In these words from Plato’s Republic, Socrates 
stresses the advantages of specialization, “Things 
will be better done when each man is free from 
the distraction of other occupations to do the job 
for which he is best fitted and to do it when it 
should be done.” Astute engineering managers 
heed the wisdom of these words and capitalize on 
staff activities in distributing the details of their 
work load. 

Staff functions relieve executive pressure in 
two principal ways: 


1. Portions of the executive’s work load are ab- 
sorbed. 

2. Requirements for specialized knowledge on the 
part of the executive are transferred to a staff 
advisory function. 


Staff members report directly to the executive. 
They are properly responsible for the specific in- 
vestigatory, informational and counseling services 
they provide to this executive. They are not re- 
sponsible for any of the activities of the line ex- 
ecutives in the next lower echelon, nor should they 
have any authority over these executives. 

For example, a chief engineer may have three 
line executives who are responsible respectively 
for design, mechanical model development and 
pilot production facilities. In addition to the three 
line executives who are responsible for these three 
departments, the chief engineer may have in his 
office a staff activity which is centered around 
operations analysis and which periodically calls 
to the attention of the chief executive specific 
problem areas which are developing within the 
engineering departments. Recommended courses 
of action to alleviate the problem usually accom- 
pany such reports. The chief engineer may have 
another staff group reporting competitors’ activ- 
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ities to him. Still other staff functions may 
appear. 

All staff functions fall under one of these labels 
—investigatory function, informational function 
or counseling function. Each represents a segment 
of the engineering manager’s responsibility which 
has been detached and established as a specialized 
staff function in order to multiply the engineering 
manager’s effectiveness. 


Tests of Good Organization 


Patterns for engineering organizations can’t be 
picked out of the files. Engineering organizations 
must be tailored to the corporation’s needs. 

The ground rules for developing sound engineer- 
ing organizations aren’t as well developed as engi- 
neering managers might wish. Technological ad- 
vances have taken place at such a rapid rate that 
a backlog of management experience has been dif- 
ficult to accumulate. Organizations which have 
been developed according to known management 
fundamentals can be subjected to certain tests 
which will further prove out their inherent sound- 
ness. Eight tests have proven useful in this re- 
spect. Engineering organizations that pass all 
eight tests are in a healthy condition from a 
structural viewpoint. 

1. Have areas of individual supervisory responsi- 

bility been clearly defined? 

2. Has full authority been delegated to the engi- 

neer responsible for each activity? 

3. Are engineering executives accountable to a 

single superior? 

4. Is stability a characteristic of the organization? 

5. Are individual functions balanced for harmoni- 

ous working relationships? 


6. Is the organization flexible? 
7. Can the organization grow? 


8. Is organization reduced to its simplest possible 
form? 


Organizational simplicity is of such importance 
to overall soundness that it merits special con- 
sideration. Once an organization is completed, it 
should be subjected to one final test by applying 
this question to each position, “Would the corpo- 
ration suffer either the loss of immediate profits 
or long-range growth opportunities if this position 
were abolished ?” 


Profits And Prospects 


In today’s competitive technological environ- 
ment, the engineering organization’s soundness de- 
termines to a large degree the corporation’s future 
growth and progress. Farsighted management men 
are actively concentrating their attention on this 
phase of corporate activities. 

The meagerness of the ground rules for organ- 
ization development doesn’t lessen in any way 
the vital importance of the soundness of the en- 
gineering organization in the overall corporate 
framework. Some executives can be expected to 
be luckier than others in developing their engineer- 
ing organizations. But for most the results will 
be directly related to the soundness of the ap- 
proach to organizational development and the will- 
ingness to accept this task as a continuing, day 
in and day out, executive assignment and respon- 
sibility. Happily, as a reward for a job well done, 
this assignment promises an increased productive 
and profitable output from the corporation’s in- 
vestment in engineering activities. 


Tips and 
Techniques 





Deleting Tracing Information 


Often a tracing will incorporate much informa- 
tion that for one reason or another should be de- 
leted from reproduced prints sent out to customers 
or other concerned parties. Inclusion of a separate 
block at one side of the tracing in which such in- 
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formation can be placed permits this portion of the 
print to be easily trimmed off with a neat print 
remaining.—RocER ISETTS, Kenosha, Wis. 


Lettering System 


Fast, easy and neat lettering can be done by 
using a T-square or other straightedge as a guide 
for the bottom of the lettering only. The straight- 
edge is held in the desired position and used as 


"a stop for the bottoms of all letters as well as a 


guide for bottom strokes of letters such as B and 
S. Although tops of the letters may be slightly 
uneven, the general effect is still quite neat. Flat- 
tened bottoms of letters such as S and O give the 
lettéring a distinctive character—-HAROLD BELOF- 
sky, Bronx, N. Y. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables or photos to: Tips and Techniques 
Editor, MACHINE DssIGNn, Penton Bidg., Cleveland 13, O. 
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point and the electrically conductive, grounded 
model. The slightest variation 
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Spray - on “POTTING” 
TECHNIQUE for electronic as- 
semblies simplifies protective 
sealing of units and permits in- 
spection of individual compo- 
nents after assembly. At North- 
rop Aircraft Inc., interiors of 
aircraft electronic units are 
coated with Silastic RTV, a 
silicone rubber that cures at 
room temperature. A malfunc- 
tioning component may be re- 
moved by simply slitting open 
the rubber. After the compo- 
nent is replaced, the slit is 
patched with the same mate- 
rial. 


P OSITIVE CONTROL OF 
LINEAR MOTION is provided 
in Norden-Ketay’s Bandrive 
pressure gages. Deflection of 
the Bourdon tube or pressure 
cell is transmitted by a con- 
stant-force flat spring. In op- 
eration the pressure cell actu- 
ates the sector through a con- 


sector is transmitted to the pinion through the spring band. 
This linear motion is converted to responsive pointer rotation 
in ratio of pinion radius to sector radius. 

The design eliminates backlash and lag between force- 
transmitting elements. The unit does not require a conven- 
tional hairspring return, since the constant-force spring is 
self-restoring. 


necting link. Motion of the | 
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Auesive-rarr PICK-UP MECHANISM 
facilitates automatic handling of fabric and 
similar materials in machines and process lines. 
The design is applied in the Sharon Auto-Feed, 
a feeding device developed to pick up textile 
articles one by one from a pile and drop them 
accurately in a different position. 

Manufactured by Sjostrom Machine Co., the 
unit consists of two pick-up heads mounted on 
arms that swing from the top of a pile of tex- 
tile articles to a dropping position over convey- 





Cop - FORMED DIE CAST- 
INGS offer a new approach to de- 
sign of metal parts with “twisted” 
contours. Brush backs for agita- 
tors in Hoover electric cleaners 
are cast straight, bristles are an- 
chored in the holes, and castings 
are twisted approximately 115 de- 
grees to the required helical con- 
tour by a cold-forming operation. 
Although an extra forming opera- 
tion is actually required by the 
method, no machining is necessary 
on the cored holes. 


Do you have a novel design idea for our other readers? You 
can receive ten dollars or more for each idea accepted for 
exclusive 
description plus drawings or photos to 
for Ideas 


this department Send a_ short 
“Scanning the Field 
MACHINE DesIGN, Penton Bidg., Cleveland 13, O 


publication in 





or belts or feed rollers. Each pick-up head con- 
tains a wind spool and an unwind spool. Ad- 
hesive tape is held under tension between these 
spools and around a roller that makes pressure 
contact with the textile material. When the 
pick-up heads move to the drop position, sole- 
noids push the article from the adhesive-tape 
contacts. At the same time, a ratchet turns 
a spool advancing the adhesive tape enough 
to provide a fresh surface for contact with 
the next article. 





Aluminum Brush Backs 





Zinc Brush Backs 
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NCREASED reliability and decreased mainte- 

nance at a reasonable cost are paramount design 

requirements today in electric controls for 
machines and equipment of all types. Failure of 
controls cannot be tolerated in many applications— 
in complex automatic-control systems for indus- 
trial machines and processes; in aircraft—guided 
missiles, jets, rockets, satellites; in nuclear-powered 
ships and submarines. A design solution to this 
problem is the use of electric controls constructed 





Fig. 2—Right—Static 
logic-element module 
before and after en- 


Fig. 1—Below—Typi- 
electrical controls 





oan igen rong i in plastic. 
components—resisto: This plug design 
rectifiers,and wakes it it easy to 
~feactor ele- semble control circuits 
ameats. and later to test cir 
cuits in the event va 
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What the designer should know about 


entirely of static electrical components, such as 
resistors, dry type rectifiers, saturable reactors, 
etc., Fig. 1. 

Static electrical components have the obvious 
advantage of no moving parts, no contacts to wear, 
no filaments to burn out or deteriorate. A fur- 
ther advantage exists with the rather recent de- 
velopments of practical static devices that can 
amplify and perform logic, such as the Westing- 
house static controls trade named Cypak (from 
















packaged cybernetics). A typical static-control 
logic module before and after potting the com- 
ponents in plastic is shown in Fig. 2. 

Static control devices have become practical reali- 
ties because of the advances in magnetic materials, 
such as Hypernik and Alnico, and the recent im- 
provements in semiconductors—transistors, ger- 
manium and silicon diodes, etc. 

Combining the logic elements with other static 
electrical components permits the design of prac- 


























Table 1—Comparison of Switching Devices 





for Pilot-Control Circuits 
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ao | 
Input Output Output Output 
Input Input 
Input ne: 
1i|t 4]; 
[/ 1 a 
Characteristic __ Relays Magnetic Elements Transistors Electronic Tubes 
Size Med‘um Medium and large Smallest Small and medium 
Temperature sensitivity Minimum Minimum and medium Considerable Minimum 
Number of inputs and One or few inputs, One or many inputs, One input, one output One or two _ inputs, 
outputs _ many outputs one output one output 
Speed of response 10 to 100 milliseconds 1 to 200 milliseconds 0.01-millisecond Fastest—practically in- 
stantaneous 
Reliability (life) Fair—10 to 20 million Best Good Fair and good 
operations 
Voltage operating level High and low Low Low Medium to high 
Efficiency Fair High ’ High—98-99 % Low to fair 
Input power required High and medium Medium and small a, Small — . Low to zero 
Current flow Nonreversible Nonreversible | ear? _ Reversible Nonreversible 
Output wave shape No change Considerable change— No change Depends on tube and 
introduce harmonics circuit — high fidelity 
in some cases 
tical, high-reliability, low-mair “nance electrical these basic electric control components can best be 


control systems, Figs. 3 and © wr course, electro- 
mechanical devices, such as «: ntactors, relays, etc., 
and electronic components, such as vacuum tubes, 
ignitrons, etc., have not been supplanted by any 
means. 

As shown by the brief comparison of typical 
electromechanical, electronic and static switching 
devices in Table 1, each has certain characteristic 
advantages and drawbacks. Often some or all of 


used in combination, at least at this stage of de- 
velopment of the control art. 

This article shows how static controls fit into 
the complete electric control field. First, the range 
of functions of electric controls is covered. Then 
discussed are the basic electromechanical, electronic 
and static components the designer can use in de- 
signing controls or can specify when ordering a 
control system for a machine. 


Functions of Electric Controls 


The complete field of electric controls can be di- 
vided into three major groups: (1) pilot devices, 
(2) pilot-control circuits and (3) power controls. 
The chart in Table 2 shows static type electrical 
components and circuit control functions that they 
can handle. 


Pilot Devices: Sensing elements that measure 
and/or convert an action, condition or physical 
quantity into electrical signals are known as pilot 
devices. Pushbuttons, thermostats and pressure 
switches are commonly known pilot devices. A 
number of static pilot devices are shown in Table 2. 

The ,wide spread development of pilot devices to 
duplicate practically all of the senses came about 
because of variations and limitations in human re- 
sponse; development of fatigue, tension, monotony; 
inconsistencies in human reactions; inaccuracies 
and varying sense of judgement of humans; and 
limitations of temperature, pressure, vibration, etc., 
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that a person can tolerate. 


Pilot-Control Circuits: These circuits perform 
the information processing of electrical signals 
produced by pilot devices. This includes switching, 
combining, amplifying and reducing. Pilot-con- 
trol circuits provide the proper signals to actuate 
the power control or output members of the sys- 
tem. The main functions of pilot-control circuits 
are to (1) provide safety and protection to the op- 
erator and the driven machine or process and, (2) 
provide a definite sequence of operation for a ma- 
chine, process, or operation. 

Safety to personnel is afforded by control func- 
tions that perform in a logical plan or sequence. 
On a punch press, for example, the operator must 
place his hands on specific pushbuttons before the 
press will operate. A combination of devices, such 
as interlocks that sense the position of the press 
and relays that remember the sequence of opera- 
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tions, insures only one operation of the press. 

Interlocks on elevator doors that sense the posi- 
tion of the door prevent movement of the elevator 
until the doors are properly closed. Timing devices 
control the acceleration of traction motors on 
trains. 

Protectwn for driven machine and drive is often 
a design factor. Overload relays sense the tem- 
pe: ature rise in electric motors and remove power 
wh +n the danger zone is reached. 


T\terlocking on a machine tool insures that the 
lubiicating oil pressure is up, the coolant is flow- 
ing, and a work piece is properly positioned before 
the cutting tool goes into operation. 

Definite sequence in operation, in a bottling ma- 
chine for example, is achieved through co-ordina- 
tion of sensing temperature, pressure, position, etc. 

The information processing in a pilot-control cir- 
cuit may range in complexity from a simple com- 
parison or combination of several signals, such as 
pushbuttons and overload relays on a motor start- 
er, to involved sequencing operations or regulatory 
processes involving feedback and compensating sig- 
nals from both the input devices and the output 
power control. Usually, the power level at which 
this electrical information is processed will be quite 
low (in the order of watts or a fraction of a watt) 
and independent of the power level of the equip- 
ment being controlled. A 100-horsepower motor 
drive may require 500 watts or less of pilot-con- 
trolled power. 

Information or signal inputs to a pilot-control 
system may be digital—in the form of discrete 
states or leve!s of electrical quantities, such as 
on-off as produced by a pressure switch or push- 
button—or analog—a continuously variable quan- 
tity, such as produced by a tachometer generator 
where the electrical output signal is proportional 
to the speed. 

Digital processing usually involves relays and 
other switching means that are of the on or off 
type. On a punch press or elevator, it is either 
safe to operate or it isn’t. A motor is running or 
it isn’t, or it runs forward or reverse or fast or 
slow. Lights are on or off, etc. Where many 
combinations of conditions must be grouped in 
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logical order, a digital system proves the most 
positive. 

In the analog category it may not be desirable 
to have decisions or results so definite. A range 
of control may be desired. The output of a heater 
may have to be continuously adjustable rather than 
on or off. Here pilot-control circuit elements are 
identified as amplifiers, integrators, multipliers, 
bridge circuits, and regulators. 

High-speed process lines often employ control 
circuits operating from continuously varying sig- 
nals, such as speed-sensing tachometers, so that 
control changes of only the desired amount will be 
made. As in a shower, fine adjustments in hot 
and cold water must be made whereas, in drawing 
a bath, on-off adjustments can be made to produce 
a given water temperature. Actually an analog 
system can be considered as an infinite number of 
digital signals. 


Power Controls: These controls connect the elec- 
tric power to the electric motor, solenoid, heater, 
or whatever the device may be that converts the 
electric power to some useful form. 

In the development of the control art, power con- 
trols came first. The immediate job was one of 
connecting the electric power to the device—motor, 
lamp, etc. Initially, manually operated mechanical 
or electromechanical devices, such as knife switches 
and the like, were the only controls employed. Soon 
human power was replaced by magnetically actu- 
ated switches like contactors and manually oper- 
ated pilot devices, such as a pushbutton to control 
the contactor from a remote point. This technique 
afforded considerably more safety to the operator. 

Although pilot devices and pilot-control circuits 
always have a power control associated with them, 
power controls are still often used by themselves. 
A house light switch, for example, is a power con- 
trol in its simplest form. Often pilot devices and 
power: controls are one and the same, such as a 
simple furnace thermostat. Here the thermostat 
responds to a temperature signal and connects 
electric power to a fuel-solenoid coil. 


Electric-Control Components 


Components that have been developed over the 
years to fill the design needs of pilot devices, pilot- 
control circuits, and power controls can be classi- 
fied into three rather distinct families. These are 
electromechanical, electronic, and static devices. 
A comparison of physical and electrical character- 
istics of some typical components in these families 
is made in Table 1. 


Electromechanical Devices: This family includes 
such devices as pushbuttons, knife switches, con- 
tactors and relays; these came first in the devel- 
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opment of control components. By comparison, 
electromechanical devices are the least expensive. 
Significant characteristics are moving parts as- 
sociated with contacts that mate to complete an 
electrical circuit. The parts are moved either 
manually or by means of magnets, motors, air or 
oil pistons, bimetal devices or other motivating 
means. Complete control systems can be designed 
using these types of components. 


Electronic Controls: In these devices electricity 
is conducted through gases, a vacuum or vapors 
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Table 2—Application of Static Devices 
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and is controlled in that state. All electronic con- 
trol devices for that reason are housed in some 
type of container, such as a glass or metal bulb. 
The device may include within the bulb two ele- 
ments, as in a diode, where the electricity flows 
through the gas from one electrode to the other 
electrode; or an electronic component may contain 
many elements, such as cathodes, filaments, con- 
trol grids and plates to perform a variety of control 
operations. 

Various electronic devices are generally assem- 
bled with static control devices in the form of 
resistors, capacitors and dry-type rectifiers, as 
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Fig. 5—Typical saturable-reactor circuit for 
controlling ac power. Two identical reac- 
tors are used with dc windings connected 
in opposition to neutralize the induced ac 
voltage developed by output load windings. 


well as switches, to make up a complete system. 


Static Electric Controls: In construction these 
devices are solid in state and essentially do not 
depend upon a movement of parts to perform a con- 
trol function. Typical static electric control ele- 
ments are capacitors; crystals; reactors including 
saturable reactors; rectifiers or semiconductors 
which include the copper-oxide, selenium, silicon, 
germanium, titanium-dioxide types; resistors; ther- 
mocouples; thermistors; transformers including 
autotransformers; transistors including photosensi- 
tive types; and varistors (Thyrite). 


Design Applications of Static Controls 


As shown in Table 3 each static component has 
certain characteristics that fit needed functions in 
the control of electricity. Electric-current switch- 
ing and/or control is performed within a solid ma- 
terial. 

In one sense, control may occur through the 
natural characteristics of the device. For example, 
in a dry type rectifier current flows freely (con- 
ductor characteristic) in one direction and is rela- 
tively restricted (insulator or resistor character- 
istic) in the opposite direction. This is an im- 
portant function used in piot-control circuitry. 

In another sense, control may occur as a result 
of external influences from a magnetic flux, volt- 
age, pressure, temperature, etc. Most pilot devices 
fall in this category, although it also applies to 
elements in pilot-control circuitry and power con- 
trol. 
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Many static components can also be combined 
to perform functions other than their own specific 
characteristics. For example, bridge circuits. 
logic elements, and magnetic amplifiers have been 
developed to satisfy specific control needs in the 
application of electricity. 


Saturable Reactors for AC Power Control: In the 
past, saturable reactors have been used quite ef- 
fectively for controlling the power from fixed-volt- 
age to resistance loads, such as theater lights and 
electric furnaces, etc. As shown in Fig. 5, a satur- 
able reactor is basically a varying reactance in 
series with the power supply and the load. In its 
simplest form, two coils are wound on an iron core. 
The ac winding represents the load reactance and 
the de winding controls the degree of core satura- 
tion. Normally two identical reactors are used, and 
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the de windings are connected in opposition to 
neutralize the induced ac voltage that appears 
by transformer action from the ac load windings. 

When the de control current is at a minimum or 
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ing is high. 


zero, the impedance of the output or ac load wind- 
The load current and voltage are 
small with practically the full ac supply voltage ap- 
pearing across the reactor. 


Fig. 6—Saturable - re- 
actor circuit designed 
for controlling speed 
of a high-slip, three- 
phase squirrel - cage 


Tachometer motor. 


generator 


Table 3—Characteristics and Applications 








( Voltage-sensitive 
with ferroelectric 
dielectrics) 


Crystal 
(Quartz or Rochelle 
salt type) 


Reactor 


Rectifier 
(Metallic) 


Resistor 


Thermocouple 


tric with nonlinear char- 
acteristics so that capacitor 
is sensitive to changes in 
applied voltages. 


If a mechanical tension or 
compression is applied to 
the crystal along its y-axis, 
the material becomes elec- 
trically polarized along its 
x-axis. Materials such as 
quartz, borium silicates and 
Rochelle salts are used. 

A coil or winding on an air 
core or iron core that im- 
poses an impedance to the 
flow of ac current. 


A junction point or surface 
of a specially treated ma- 
terial (copper-oxide, selen- 
ium, germanium) that per- 
mits the flow of current 
more easily in one direction 
than in the other. 


Has characteristics between 
an electrical conductor and 
insulator. Current flow is 
essentially the same when 
flowing in either direction. 


Junction of two different 
metal wires. Develops volt- 
age at free ends due to 
temperature gradient. 


applied voltage increases, 
giving an amplification of 
capacitor current. 


The element operates as a 
reversible transducer; if a 
vibration is applied, a volt- 
age develops. If a voltage 
is applied, a vibration or 
movement occurs. 


Impedance varies directly 
with the frequency. An iron 
core increases the impedance 
to the flow of ac current 
or the build-up of de current. 


Static Component Design Characteristics Control Features Applications Typical Curve 
Capacitor Constructed with two con- On ac, impedance varies in- Power-factor correction, tim- See features 
ductor plates insulated from versely with the frequency. ing circuits, electricity stor- 
each other by dielectric. On On dec, the larger the ca- age, minimize contact arc- 
de, used for electricity stor- pacity, the longer the tim- ing. 
age. On ac, used as a shunt ing period. The higher the 
load or negative impedance load resistance. the longer 
in a series circuit. the discharge time. 
Capacitor Has a ferroelectric dielec- Capacitance changes as the Dielectric amplifiers, switch- ' 


ing and control circuits, 
modulator circuits, and flip- 
flop circuits. 

po a 

capac tance ° 

rout siqrol 
Deflection and strain gages, Voltage output is 
microphones, pressure indi- determined by the 
cators, frequency references, amplitude of vibra- 
loudspeakers, and ultrasonic tion. 
motors. 








Current-limiting; used in See features 
conjunction with capacitors 

for resonant or tuned cir- 

cuits. 





Current flow is restricted in 
reverse direction until the 
voltage is raised to the 
breakdown point which 
varies from 5 to 50 volts 
depending on the type of 
rectifying material. Plates 
or junctions can be put in 
series for higher voltages. 


Resistance increases with 
temperature increase. Re- 
sistance is directly propor- 
tional to the length of the 
conductor and inversely pro- 
portional to its cross-sec- 
tional area. 


Rectifying, switching  iso- 
lating of currents. 








Current - limiting, voltage- See thermistor and 
dividing. varistor 





Can be operated over tem- 
perature ranges from —300 
F to +1600 F. Typical wire 
combinations are iron-con- 
stantan, copper-constartan, 
Chromel-Alumel. 


Temperature - sensing de- 
vices, pyrometry, radiation 
detection, thermoammeters. 


ooper- iron Couple 


e 


Voltage Oeveuped my 
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When the dc control current is increased to the 
point where the iron core is saturated, the im- 
pedance of the ac winding is reduced so that full- 
load current can flow through the load; practically 
the full supply voltage now appears across the 
load. Between the limits of the minimum and maxi- 
mum dc control current, the load voltage and cur- 
rent are continuously adjustable. More power can 
be handled by the ac winding than is required in 
the control winding. As a rule of thumb, the 
control power can be 1 per cent of the output 
power. In a typical example the impedance or re- 
sultant voltage drop across the ac winding can be 
as low as 2 to 3 per cent of the rated ac voltage 
at saturation. At no saturation the impedance may 
be 50 or 100 times as great. 

Smaller-sized saturable reactors are used to pro- 
vide adjustable phase-shift control of electronic 
thyratron tubes. 


Saturable Reactors for Speed Control: Saturable 
reactors can be used effectively for controlling the 
speed of a high-slip, three-phase squirrel-cage 





of Static Electrical Control Components 


STATIC ELECTRICAL CONTROLS 





motor. Three reactors are placed in series with 
the power lines to the motor. To compensate for 
speed changes caused by varying motor loads, the 
basic scheme shown in Fig. 6 is employed. The 
voltage from the tachometer, which represents mo- 
tor speed, is connected to a regulator system; this 
regulator controls the amount of dc excitation 
needed on the saturable reactors to maintain a 
constant motor speed. A bridge circuit that bal- 
ances the tachometer output against a speed-set- 
ting reference provides the intelligence for obtain- 
ing different motor speeds from approximately 85 
to 90 per cent of motor synchronous speed down 
to approximately 15 per cent of motor synchronous 
speed. The regulator can be a magnetic amplifier 
or an electronic type amplifier with fairly good 
speed regulation. The speed of response of the 
regulating system will be determined by the time 
constant of the de windings on the saturable 1¢- 
actors as well as the regulator and drive-systt n 
characteristics. 



































Static Component Design Characteristics Control Features Applications Typical Curve 
Thermistor Resistance material having Over a temperature range Temperature measurement ar 
a large negative tempera- from —50C to +200C the and control, safety and } p.m 
ture coefficient of resistance. resistance of thermistors de- warning circuits, regulators, 3° =| 
The resistance of a_ ther- crease by a factor of 10,000 temperature compensation. 4 
mistor decreases as the tem- while copper increases by a $ if 
perature rises and increases factor of 2. Typical re- $ Pm 
as the temperature falls. sistance is 50,000 ohms at : cool WSO! resistor 
room temperature. Tt 
“00 0 00 B00 300 400 
Temperature degrees © 
Transformer Consists of two reactors Practically no limit to Transforming voltages to Output voltage is 
wound on one iron core. One transformation ratios, or other value, isolation of cir- proportional to turns 
winding is energized (pri- power-handling capacities. cuits, phase reversals, har- ratio and input volt- 
mary). The second (sec- monic generators, voltage age. 
ondary) winding will have a control. 
voltage induced in it. 
Transistor A semiconductor device sim- Some transistor properties Used in amplifier circuits, ‘ rt 
ilar to a diode but having a vary with temperature. Con- rectifier circuits, and as a i {\ 
third element that can be trols power with an effi- switch. : LA 
used to control the rectify- ciency of 98 to 99 per cent. ; | & \ 
ing or conducting character- Essentially a low - voltage } \ 
istic. device. } / \ 
‘ \ 
. " 
oe on 
Phototransistor Depending on the type, light Small size, low power con- Light-beam type _ controls, e 
shining on the junction or sumption and operating limit switches, counters, OC Bose Current, 4 (ma) 
sensitive portion produces a voltage, high sensitivity, protective devices, infrared 2 
voltage or change in re- rugged. Is sensitive to tem- detectors, lightmeters, ap- ~ 
sistance. perature changes. Voltaic plying sound-on-film, opti- Hy 
cell type generate approx. cal IBM punch cards, etc. oa} 
1/10 voltage in response to 3 
light. s 
8 
- Collector Voltoge (volts) 
Cadmium-Sulfide With no light shining on A cell %-inch square can Infrared lead-sulfide light- Increose Voltage = 
and Lead-Sulfide the cell, it is essentially an control 4-watt of electrical beam applications, detection Light Flux 
Photo-Cells insulator. When light shines power. Ratio of light to light-beam telephones, and = “= 
on the cell, electrons are dark resistance may be _ telegraphing cadmium sul- 5 hl 
freed permitting the con- 100,000 to 1. fide for radio activity Ps 2x 
duction of electricity when measurement. 8 
voltage is applied. 2 5x 
¢ 
Varistor A nonlinear resistance ma- Doubling the voltage ap- Voltage-surge protectors, 
(Silicon-carbide terial in which the current plied to a varistor may in- lightning arresters, auto- 


resistance, Thyrite) 


Zener Diode 


(Silicon or german- 
ium junction type 
rectifier) 
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varies as a power of the 
applied voltage. As the ap- 
plied voltage increases, the 
resistance decreases. 


Same operation as dry type Junction type rectifiers pro- 


rectifier except a junction 
point is used; small junc- 
tion diode (point contact). 





crease the current by a 
ratio of 10 to 100 depend- 
ing on the unit used. In 


contrast, in a linear re- 
sistor, the current is only 
doubled. 


duce a marked cutoff point 
when reverse voltage is 
applied. 


matic voltage control. 








Voltage-sensing applications. 
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Fig. 7—Three methods of reversing a squirrel- 
cage motor. In a is circuit using reversing four 
contactors, whereas in 6 motor reversal is ac- 
complished with two contactors and a phase- 
shift transformer. In ¢ is a circuit using a 
phase-shift transformer and dc controlled for- 
ward and reverse saturable reactors. 
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Saturable Reactors Replace Reversing Contac- 
tors: An effective use of saturable reactors can be 
made in replacing the set of reversing contactors 
on an ac squirrel-cage motor control. Fig. Ta 
illustrates a simple single-phase reversing control 
using contactors. Contacts F are closed to start 
the motor in the forward direction. To reverse 
the motor, the phase of the starting winding or 
running winding must be reversed. This is ef- 
fectively done by opening the F contacts and clos- 
ing the R contacts. 

Step one in developing the saturable-reactor 
control for reversing is to use the principle that the 
secondary of a transformer is 180 degrees out of 
phase or is the reverse of the primary. The con- 
nection or phase to the starting winding is effec- 
tively reversed as shown in Fig. 7b by closing con- 
tact R to produce reverse motor rotation; closing 
contact F energizes the motor for forward rotation. 

Although saturable reactors do not provide 
100 per cent on-off operation, they can effectively 
replace the function of contacts F and R, as de- 
picted in Fig. 7c. When the forward reactor is 
saturated, the motor starts in the forward direc- 
tion. When the reverse reactor is saturated, the 
motor starts in the reverse direction. This scheme 
also applies to a three-phase motor. As a further 
refinement, proper proportioning of dc excitation 
in the two reactors on a three-phase motor applica- 
tion, which produces both forward and reverse 
torques with one predominating, can develop very 
low motor speeds—approximately 5 per cent of 
rated speed. This design makes it possible to use 
a three-phase ac motor as a positioning device 
where creeping speeds are required as well as nor- 
mal speeds. 


Saturable Reactors for Wound-Rotor Motor Con- 
trol: This basic reactor-reversing power control has 
been applied to wound-rotor motors on many se- 
vere-service applications, such as material-handling 
cranes and lift-bridge drives of 200 horsepower and 
larger. Most of the speed and reversing control 
is performed by the static reactor control, eliminat- 
ing the normal wear and maintenance required with 
contactors. 


Crane - and - hoist 
wound-— rotor motor 


Fig. 8—Static - reactor 
speed control system 
for a_ three-phase 
wound-rotor motor. 
Combination use of 
contactors for com- 
plete disconnect and 
static reversing control 
offers design advan- 
tages of both. 









MACHINE DESIGN 



































A typical control, Fig. 8, employs a line contactor 
to provide complete line disconnect since the re- 
actor itself does not give complete cut-off. Here 
is an example of co-ordination of an electrome- 
chanical and a static device, using the good fea- 
tures of both. 


Special Resistors for Automatic Control: The 
silicon-carbide varistor is used as an automatic 
volume control on telephone receivers because of 
its natural characteristic of having a higher resis- 
tance at low voltages than at relatively high volt- 
ages. 

The Thyrite (another silicon-carbide type) re- 
sistor can be used as an automatic protection across 
a de motor field circuit because it automatically 
provides high resistance at normal line voltage and 
low resistance when the applied voltage is increased, 
for example, during the discharge of the field cir- 
cuit. The change in a typical Thyrite resistor is 
such that it will conduct 16 times more current for 
each doubling of the applied voltage. 


Fig. 9—Four circuits in which pushing push- 
button 1 energizes coils A and B, whereas 
pushbutton 2 energizes only coil B. Circuit 
a uses a two-pole pushbutton to isolate coils 


Pushbutton Relay coil 
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Circuit Selection with Rectifiers: An important 
function of dry type rectifiers is in isolating cir- 
cuits as well as combining circuits in a dc or 
unidirectional (half-wave) ac pilot-contro! circuit. 
For example, in Fig. 9a pushbutton 1 energizes 
relay coils A and B, but pushbutton 2 energizes 
only coil B. Pushbutton 1 must be a two-pole unit 
to isolate coil A and B. If an extra contact exists 
on relay A, then either of the circuits in Figs. 9b 
or 9c can be used. In this case, both pushbuttons 
are single-pole units. Fig. 9d illustrates the use of 
a rectifier to isolate coil circuits A and B. In this 
case, the second pole on the pushbutton as well as 
the extra relay contact A are eliminated. In a 
pilot-control circuit involving a large number of 
contacts, this technique can save many contacts. 
This is a technique employed in Cypak or logic 
functions, explained later. 


Contactless Limit Switches: Proximity type, con- 


A and B. Circuits 6 and ¢ use an extra con- 
tact on relay A. Metallic rectifier in circuit 
d provides current combining as well as 
isolating. 
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Fig. 10—Contactless limit switch design. Unit is om unless 
steel bar or object is moved in parallel with magnet. This 
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action shunts magnet flux away from normally saturated coil 
turning switch off. 







Steel bar Off. Permanent magnet 
position 















tactless limit switches operate on the principle of 
change in impedance of a coil. In a typical de- 
sign, Fig. 10, a reactor and permanent magnet, 
stationary with respect to each other, are com- 
pletely encapsulated in a single unit that is mounted 
on a fixed rigid section of the machine it is to con- 
trol. A bar of magnetic material is fastened to 


the moving part of the machine so that at the de- 
sired operating position the bar comes within 
3/32-inch of the magnet, causing a magnetic shunt- 
ing action that unsaturates the reactor core and 
produces, in effect, an electrical on-off function. At 
no time is there mechanical contact between the 
moving and stationary parts. 





Magnetic-amplifier type logic 
elements employ the unique Ra- 
mey circuit which provides for 
fast response by the addition of a 
reset circuit. A second winding 
of Nz turns is added to the mag- 
netic core, and a resistor Rr of 
such value that Hp will drive the 
core to saturation during a half 
cycle. However, the rectifier CR2 
and the polarity of Er are ar- 
ranged so that the second winding 
Ne will drive the core to negative 
saturation during the half cycle 
that current flows. 

During the first half cycle, 
called the gating half cycle, volt- 
age E, drives the core to positive 
saturation. During this half cycle, 
the flow of current in Ney is 
blocked by the rectifier CR2 in 
this circuit—the reset circuit. Dur- 
ing the next half cycle, current in 
the gate circuit is blocked by the 
rectifier CR1 while voltage Ep in 
the reset circuit drives the core 
to negative saturation. With con- 
tinued application of E, and Ep, 
the core will oscillate between 
positive and negative saturation, 
and there will be virtually no out- 
put to the load. 

The output of this system can 
be controlled. If the reset voltage 
Er is absent for one reset half 
cycle, an output will appear across 
the load resistance on the next 
gating half cycle, because the core 
will remain saturated. A _prob- 
lem arises in finding the best 
way to prevent reset where an 
output from the circuit is desired. 
If it is desirable to drive the cir- 
cuit by a voltage from other simi- 
lar circuits, a reiatively low re- 
sistance can be placed in series 
with the reset voltage. Then by 
supplying a voltage from some 
other source, the reset voltage can 
be blocked out. The proper value 
of resistance is a compromise be- 
tween two conflicting require- 
ments: (1) Low impedence in 
series with the reset voltage in 
order to reset completely with the 
voltage Er and (2) High imped- 
ance to provide least loading of 
the preceding or driving stage and 
show some gain per stage. 


One-Input AND Circuit: The 
problem encountered with circuit 
a is solved by using the circuit b. 
Bias dc voltages are introduced 
in both the gating and reset cir- 
cuits. In the reset circuits. direct 
current (half wave is adequate) 
is applied so that the current, Js, 
through rectifier CR3 is larger 
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than Ip, which is the current that 
flows through the core and resets 
the core. 

When an input voltage greater 
than Ep is applied, the current in 
rectifier CR3 tends to drop to 
zero, and the effective impedance 
of CR3 becomes its backward re- 
sistance—a very high value. Rec- 
tifiers CR2 and CR3 are blocked, 
reset current cannot flow, and an 
output appears across the load on 
the next half cycle. Thus, circuit 
b provides a one-input AND ele- 
ment, that is, one input to the ele- 
ment will produce an output. 

The function of the dc bias in 
the gate circuit is to reduce the 
output to the load resulting from 
core exciting current. The recti- 
fier CR4 presents a low imped- 
ance to exciting current flow, but 
a high impedance when the cir- 
cuit is producing an output. 


Two-Input AND Circuit: In the 
two-input AND circuit shown in 
schematic diagram c, it can be 
seen that rectifiers and dc bias 
voltage are provided for each of 
the input circuits. It is apparent 
in c that both inputs are required 
to develop an output. If either of 
the inputs is not present, reset of 
the core will be accomplished 
through the biased rectifiers CR3 
or CR5. 


Three-Input OR Circuit: Sche- 
matic d shows a three-input OR 
circuit that produces an output 
when there is an input to any one 
or more of the input terminals. 
The rectifiers CR1,; CR2 and CR3 
are introduced to provide isola- 
tion of the input signals. 


NOT Circuit: The NOT circuit 
is very similar to the one-input 
AND circuit. The voltage Hp is 
eliminated, and the terminals nor- 
mally used for Er are used as the 
terminals to the element, as shown 
in circuit e. 


MEMORY Circuit: In effect the 
MEMORY circuit is essentially an 
information storage device. An in- 
put applied at the on terminal 
develops a known output condi- 
tion, which continues even though 
the input signal is removed. If 
an off signal is now applied at 
the other terminal, the circuit 


switches to a different output con- 
dition and remains in that condi- 
tion, until an on signal appears. 
Two OR circuits are combined 


with two NOT circuits to provide 
the MEMORY function shown in 
circuit f. 

If it is assumed that NOT cir- 
cuit 1 is producing an output, 
this output resets the core in NOT 
circuit 2 through OR circuit 2. 
A half cycle later NOT circuit 2 
produces no output. This NOT cir- 
cuit 1 again resets core 2, with 
the result that this stable output 
condition is self-sustaining. The 
output is a half-wave voltage in 
phase with the supply voltage to 
NOT circuit 1. 

A voltage of proper phase and 
magnitude applied to input 1 will 
reset core 1 through OR circuit 1. 
A half cycle later no output ap- 
pears from NOT circuit 1. Since 
core 2 is not reset, a half cycle 
later an output results which is 
opposite in phase to the previous 
output. This output resets core 1 
so that it will have no output on 
its gating half cycle. Even though 
the input is removed, the output 
remains stable in this condition. 
The output is shifted back to the 
original phase by introducing a 
voltage of proper phase and mag- 
nitude to input 2. 

Storage of information is indefi- 
nite if the power supply voltages 
are not interrupted. Statistically 
there is a great likelihood that 
the stable state existing before a 
supply voltage removal will be 
present after the voltage is re- 
applied. The condition that will 
cause loss of the stable state oc- 
curs when the core normally be- 
ing reset by the stable output of 
the other core has its supply volt- 
age interrupted at the end of its 
gating half-cycle, and the voltage 
reapplied with polarities such that 
the gating half-cycle is repeated. 
Since the core was not reset dur- 
ing the interim, an output will 
occur. This output resets the other 
core which was normally sat- 
urated. Therefore. the output shifts 
from its former stable state to the 
other stable state just as if an 
input signal had been applied to 
effect the shift. This loss of sta- 
bility occurs only if the input sig- 
nal has been removed. 

Where it is found essential that 
a memory circuit remembers its 
previous state, regardless of 
power-supply interruptions, an ad- 
ditional circuit may be included. 
This is termed a retentive MEMO- 
RY unit, and operates in connec- 
tion with the MEMORY circuit 
shown in f. 
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Since the reactor coil itself operates at low STATIC ELECTRICAL CONTROLS 





voltage and develops negligible temperature rise, 

it will last indefinitely. In addition, the coil is ments are of low-voltage, low-power output; there- 
immune to dirt, oil, moisture and mechanical dam- _fore, magnetic amplifiers, transistors, and capacitor 
age because of the encapsulated construction. 


amplifiers are important items in expanding the 
art of static control systems. 


Amplifying Techniques: Most static-sensing ele- MAGNETIC AMPLIFIERS: A magnetic amplifier is 








Static Magnetic-Amplifier Type Logic Functions 
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TIME DELAY Circuit: Proper sys- 
tem operation frequently calls for 
a delay period between the time 
when an input signal is received, 
and the time that an output is 
produced. This result is obtained 
by the addition of a time-delay ele- 
ment to a MEMORY ciruit. Circuit 
g shows only the TIME-DELAY 
element, which feeds its output 
into input 1 of the MEMORY cir- 
cuit in f. 

The time constant of C; X Re 
is short (a few cycles of the sup- 
ply frequency at most); the time 
constant of C. and its load in the 
MEMORY circuit is long (about 
the same magnitude as the desired 
delay from the complete circuit). 
Capacitor C, has very small ca- 
pacity compared with C2. There- 
fore, application of a pulse to the 
input will divide the input voltage 
across the capacitors as the recip- 
rocal of their capacities respec- 
tively with nearly all of the volt- 
age across C, and very little 
across Cs. During the portion of 
the cycle where the input is zero, 
C, discharges through R»2. This 
discharge takes place independent- 
ly of the rest of the circuit. The 
second pulse input repeats the pre- 
ceding operation, except that the 
pulse amplitude is reduced by the 
amount of charge present on C; 
and C.. As the pulse train contin- 
ues, the charge on C2 is slowly in- 
creased until sufficient current 
flows through terminal 1 to change 
the output state of the MEMORY 
circuit. 

The charge on C2 will continue 
to build toward the peak value of 
the input pulse after the delay has 
elapsed even though further in- 
crease in voltage has no effect on 
the output condition. Since this 
build-up in voltage results in a 
higher capacitor voltage rating 
than actually necessary to operate 
the circuit, a Zener diode is added 
to hold the peak voltage to a pre- 
set value. As the capacitor charge 
tends to exceed 6 volts, a dis- 
charge current will pass through 
the Zener diode, restoring it to 
the 6-volt level. 

Discharge of C2 occurs when the 
input voltage is removed and a 
resetting signal is applied to the 
MEMORY. As in the case of the 
MEMORY circuit alone, simulta- 
neous presentation of both inputs 
results in zero output. A resetting 
voltage applied at the time delay 
reset terminal immediately drops 
the voltage output to zero even 
though C. has not yet been dis- 
charged completely. 
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Fig. 11 — Simple 
magnetic- amplifier 
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chanical relay. Con- 
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MEMORY Fig. 13—Symbols for 
logic functions and con- 
j ventional relays. In a 
te) (left) is a three-input 
Cee AND logic function 
| which performs same 
TIME DELAY function as three spst re- 


lays with contacts con- 
ht). In } (left) is a two- 


input OR logic function; it compares with two 
spst relays with the two sets of contacts in 
Symbol for NOT logic function 
equals a relay with a normally closed contact, 


MEMORY logic symbol 


and in e is a TIME DELAY symbol. 






basically a controllable impedance inserted between 
a source of electric power and a load. The im- 
pedance is controlled by saturation of the magnetic 
core. Magnetic amplifiers differ from the satur- 
able reactors mentioned previously in that they are 
self-saturating. 

In the magnetic amplifier shown in Fig. 11, as- 
sume that the core is completely unsaturated. In 
the first half cycle, when power is applied, the 
core is unsaturated and the reactance of winding 
B is high; under these conditions only a small cur- 
rent flows in the load circuit. At the end of the 
first half cycle the core will be partially saturated 
by this small current. But if in the second half 
cycle, during which no current flows because of the 
rectifier in the power circuit, a control current is 
applied that unsaturates the core. By the time the 
next half cycle comes around again, no large load 
current can flow. 

If no control current is applied, after a few cy- 
cles the core will become saturated by the small 
load current flowing through the high reactance 
of winding B. Once the core is saturated, the re- 
actance of B will drop, and a large load current 
will flow in the circuit. Thus, with a small con- 
trol current large amounts of power can be con- 
trolled in the load circuit. Commercial amplifier 
circuits naturally are more complicated than the 
simple one explained here, but the fundamental 
principles are the same. 

A power gain of several million is possible with 
a magnetic amplifier with a resultant increased 
time delay. However, dc input signals smaller than 
1 microwatt are difficult to handle with existing 
designs. 

TRANSISTOR AND CAPACITOR AMPLIFIERS: In addi- 
tion to its good characteristics as a switch, the 
transistor provides amplifying characteristics that 
can be applied ir a manner similar to the magnetic 
amplifier. However, the transistor as well as the 
voltage-sensitive capacitor amplifier do not permit 
isolation of the input and output signals as does 
the magnetic amplifier. 

THERMOCOUPLE AMPLIFIERS: Often, weak signals 














Fig. 14—Simple relay schematic 
diagram, a, and equivalent logic- 
function diagram, 6 
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can be additive, such as in a temperature-sensing 
system using a thermocouple. Here useful con- 
trol voltage can be obtained by connecting a quan- 
tity of these thermocouples in a series, forming a 
thermopile. 


Static Logic Devices Perform Relay Functions: 
One important field of pilot-control circuitry 
deals with switching and combining discrete elec- 
trical signals. On-off or switching type control 
has been accomplished for many years by magneti- 
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STATIC ELECTRICAL CONTROLS 





cally operated switches or relays; today, electronic 
and static devices also perform this function, 
Table 1. 

RELAY FUNCTIONS: In the case of the relay, all 
possible pilot-control schemes and conditions can 
be satisfied by switches or contacts that are either 
normally open or normally closed of either the mo- 
mentary or maintained type. When the proper 
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Fig. 15—Above—Typical two-speed pilot-control Fig. 16—Below—Static electrical 
circuit for energizing the slow and fast motor wind- control for the intelligence or 
ings using relays, a, and static logic functions, 5. signal processing in a punch- 


The bushbuttons are pilot devices. 
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STATIC ELECTRICAL CONTROLS 


signal is applied these contacts, assume the opposite 
position. If the contacts are of the momentary 
type, they assume their original status when the 
signal is removed. If they are of the maintained 
type, it requires another signal or operation to re- 
open or reclose the contact. Characteristics may be 
designed into the devices so that a time delay oc- 
curs after the signal and before the contacts op- 
erate. 

Fig. 12 illustrates the basic principle of a relay. 
The magnet mechanism, after a signal or input 
signal is imposed on the coil, moves to close or 
open the switches or contacts. The most commonly 
used relay employs a magnet circuit and from one 
to a dozen or more contacts which are either nor- 
mally open or normally closed or in combination 
thereof. In this way, one input signal controls 
many contacts. 

While this arrangement appears relatively simple, 
this is no longer the case in solving today’s com- 
plex circuitry. As circuits become more involved, 
relays are called upon to perform more and more 
information processing and more and more con- 
tacts have to be added. Today some control 
schemes employ 12 and 16-pole relays, and two 
are even placed in parallel, so that one input signal 
will operate two relays or perhaps as many as 24 
or more contacts. Also, for a given problem, sev- 
eral designers will end up with different quantities 
of relays and combinations to perform the same in- 
formation processing. 


TyPes OF LOGIC FUNCTIONS: In analyzing all com- 
binations of contacts in pilot-control circuits, it is 
found that contact groupings or combinations oc- 
cur in only four basic or logical arrangements. 


Group 1 includes normally open contacts with 
one or more in series. In the computer art and the 
Cypak or static logic-control art, this combination 
is called an AND logic function. It implies that 
all contacts must be closed to produce an output 
or completed circuit. This is shown by the symbol 
in Fig. 13a. Such a logic function or device pro- 
duces no output until all inputs are simultaneously 
available. 

Group 2 includes normally open contacts with 
two or more in parallel. This is called an OR func- 
tion, Fig. 136. Logically any or all inputs produce 
an output. 

Group 3 includes only one normally closed con- 
tact. This is a NOT function. Here when an in- 
put is not present, an output occurs, Fig. 13c. 

Group 4 includes memory systems both unlimited 
(latched), Fig. 13d, and limited (time delay), Fig. 
13e. The unlimited memory function, as the name 
suggests, delivers an output following an input un- 
til such time as a second input is fed into the sys- 
tem; the second input stops the output. Thus, the 


symbol in Fig. 13d is an on-off MEMORY function. 
Limited means that following an input signal a 
time delay occurs before an output is obtained. 
Thus, the memory system in Fig. 13e is simply a 
TIME DELAY function. 
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These logic functions are not new. Actually, 
they have been performed by relays for years. The 
AND function, for instance, has been accomplished 
by using three spst relays and placing relay con- 
tacts in series, Fig. 13a. The OR function is nothing 
more than two spst relays with the relay contacts 
in parallel, Fig. 136. The NOT function has been 
accomplished by normally closed contacts, Fig. 13c, 
and the on-off MEMORY by the well-known latched- 
in relay. Logic functions can be accomplished 
with circuits employing electronic tubes, transistors 
and/or magnetic components. 


Designing Logic Function Controls: The relay 
must be wired and purposely arranged to achieve 
a specific function, whereas the logic function 
mechanism requires no adjustment because it has 
been designed to do the specific job. This not only 
means that the process of design is different but 
also that manufacture and assembly are different. 
One of the important differences to date is that 
the logic element has a single ouput and can have 
a number of inputs, while the relay normally has 
only one input and a number of outputs. Naturally, 
there are advantages and disadvantages to both of 
these approaches. Logic functions adhere closely 
to the true fundamentals of control. Designs can 
be expressed and solved mathematically with Boo- 
lean algebra. Hence, designers will be able to solve 
more complex problems, and will also be able to 
simplify circuits as the state of the art progresses. 

Fig 14a illustrates a control scheme involving 
series, parallel and normally closed contacts, where- 
as Fig. 14b shows the comparable logic control cir- 
cuit scheme. Fig. 15a represents a typical two- 
speed starter control circuit employing relays. A 
circuit performing the control function using static 
magnetic logic elements is shown in Fig. 15b. These 
static logic elements are simple to interconnect be- 
cause a common ground can exist between the in- 
put and output windings. The input circuits of 
all elements can be designed to operate from the 
output of all other elements. Also the output of 
any element can be used to drive from one to 20 
other elements. 

While such a variety of static electrical control 
elements have been designed and developed, Figs. 
1, 2, 3 and 10, to make up complete control systems 
for a large number of applications, it is important 
to weigh the factors mentioned in Table 1 and 
combine those elements, whether they are electro- 
mechanical, electronic or static, that will make the 
best control. Applications of static control devices 
with pushbuttons, on-off power disconnect switches, 
and relays are illustrated in Figs. 4 and 16. 

In a control design requiring considerable intel- 
ligence and processing, the static logic functions, 
such as provided by Cypak, may be the ideal solu- 
tion whereas the power control may be electro- 
mechanical (heavy-duty relays or contactors) or 
electronic (thyratron or ignitron tubes). The 
reasoning here is that it is much easier to trouble- 
shoot or maintain the few power-control elements 
than it is the involved pilot circuitry. Also, be- 
cause of cost, contactors or tubes are less expensive 
than magnetic amplifiers. 
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Improves Creep Tester 





US of a wormgear jack in high-temperature 

creep-testing machines is said to make them 
the first such machines to apply a true axial load 
to the specimen under test. Basically the tester 
consists of a furnace which heats the test specimen 
to temperatures as high as 2200 F while loading 
the specimen as highly as 20,000 lb. The machine 
is a product of Arcweld Mfg. Co.; wormgear jacks 
are made by Duff-Norton Co. 


True axial loading is maintained by lowering 
the fulcrum point of the scale-arm carrier to keep 
the scale arm very nearly level despite elongation 
of the test specimen. Only 0.00025-in. elongation 
of the test specimen is necessary to cause correc- 
tive leveling action to be automatically initiated. 
When the specimen elongates by 0.00025-in., a 
switch actuator mounted on the scale arm oper- 
ates a switch which in turn closes a relay to start 
the motor driving the wormgear jack. When the 
jack has lowered the fulcrum point sufficiently to 


factors which would give inaccurate re- 
sults. Characteristics of the jack used 
fulfill these requirements very satisfac- 


aval, Sage torily. 

level the arm, the motor circuit is broken. Of ne- : 

cessity, the lowering must be done very gently 

to avoid any sudden movement or 

shock which could snap the speci- 

men or, perhaps, introduce fatigue 
To test 
specimen 

we odtuotor 
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Fig. 1 — Basic translating 
screw thread forms. Symbol P 
denotes thread pitch. 
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ARLY translating screw designs made use of 
the Square thread form. With this thread, 
thrust forces on the flanks are fully axial, 

thereby reducing friction to a minimum and in- 
creasing the mechanical advantage. Although cer- 
tain production features left something to be de- 
sired, under the existing manufacturing conditions 
the Square thread served its purpose for a long 
time. 

However, as materials and manufacturing meth- 
ods improved and design and production require- 
ments grew more exacting, the shortcomings of 
the Square thread became more critical and a 
search for alternative forms began. The first of 
these, the Acme thread, was introduced about 
1894. Its merits were quickly recognized but its 
acceptance was by no means rapid. 

One reason for this delay, perhaps, was the 
natural reluctance to accept a new system. Another 
was, no doubt, the problem of replacement screws 
or nuts for existing equipment. Nevertheless, the 
Acme thread is now quite generally accepted and 
has found a wide range of application in power- 
screw drives. As compared to the Square thread, 
it offers certain advantages in both production 
and inspection. Moreover, there are other purely 
functional gains such as the possibility of pitch 
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diameter compensation for lead error, increased 
flank contact, and smoother operation where the 
use of split nuts is involved as, for example, in 
lead screws. 

Although the Acme thread was an improvement, 
it did not solve all production problems. With the 
increasing use of tougher or otherwise harder-to- 
machine materials, and with the constant trend 
toward greater accuracy, efforts have been made 
to improve upon the Acme, particularly with re- 
spect to finding a thread form easier to machine. 

Around 1900 the modified or Stub Acme was 
introduced. This thread form is also well suited 
to a wide range of applications. In fact, there are 
few places where it cannot replace the Acme di- 
rectly. However, as in the case of the Acme, ac- 
ceptance was slow and it was not until 1952 that 
it was designated an American Standard. 

About the same time that the Stub Acme ap- 
peared, the Modified Square thread came into use. 
It is easier to produce than the Square thread but 
has many of the same drawbacks and has not been 
used to any great extent. 

During this period, the Sellers or, as it is known 
now, the American National thread form was modi- 
fied in various ways to adapt it to translating 
service. The basic thread form, which has a true 
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triangular shape with 30-degree flank angles, is 
the most common form used in fasteners. Of the 
modifications, the 60-Degree Stub thread discussed 
here is perhaps the most versatile. 

Another standard translating form is the But- 
tress thread. Proposed in 1888, it antedates most 
of the others. Unlike the other forms, however, 
it was developed not to replace the Square thread 
but to fulfill a particular need. It is designed to 
exert thrust in only one direction. Thread shape 
is nonsymmetrical with one flank angle different 
than the adjacent one. 


Basic Considerations: Although a wide range of 
operating characteristics is offered by these dif- 
ferent thread forms, it is surprising how often 
the possibilities are overlooked in design. Fre- 
quently, screw threads are specified on the basis 
of standard or past practice without an evaluation 
of actual application requirements. In some cases, 
screws are designed to obtain a theoretical effi- 
ciency which, if realized, would exceed that neces- 
sary for the application. 

For example, a positioning screw in a packaging 
machine or a tool-slide lead screw in a lathe mav 
be designed with an Acme, Modified Square or 
other thread forms, having steep flank angles, 
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Rotary-to-linear conversion of mo- 
tion or power can be accomplished 
in a number of ways. One of the 
most convenient and effective meth- 
ods is that offered by the various 
translating or power screws. Adapt- 
able to a wide range of power and 
service requirements, these units pro- 
vide a simple but compact mechan- 
ical drive assembly. 


Several screw thread forms have 
been developed specifically for 
transmission of power and motion. 
Basic characteristics of the different 
standard thread forms now in com- 
mon use are reviewed and analyzed 
in this article. Ball-bearing screws, 
which involve certain special fea- 
tures of construction, were covered 
in an earlier article (Machine Design, 
October, 1955). 


when a high degree of efficiency is not needed and 
frictional drag is a minor factor. Likewise, these 
forms may be also utilized on clamp and vise 
screws of high helix angle where the amount of 
friction necessary for proper holding action could 
be better obtained with threads having greater 
flank angles. Then again the growing use of air 
and hydraulic power has changed the function 
of many screws from power delivery to that of ac- 
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tuation and control. 

In the following discussion, attention will be 
given to the specific attributes of each of the 
basic thread forms. A comparison of characteristics 
will then be made for different application situa- 
tions to illustrate considerations influencing design 
approach. 
















































Basic Thread Forms 


Characteristic relationships of the basic trans- 
lating screw thread forms are shown in Fig. 1. 
Although similar in some ways, these threads 
have certain fundamental differences that influ- 
ence selection and application. , 


Square Thread: Although not widely used now, 
the Square thread will be considered here for the 
sake of comparison. This thread is a true square 
form, having a depth and thickness of one half 
the pitch. Its zero-degree flank angle makes it 
the most efficient of the various forms, and also 
keeps friction to a minimum. It is, however, a 
difficult form to manufacture regardless of the 
production method. It doesn’t lend itself to rolling. 
It imposes unfavorable “tool geometry” on any 
cutting tools. Also, if it is to be ground, it intro- 
duces the problem of dressing the square side of 
the grinding wheel, and the concurrent problem of 
maintaining lead accuracy. 

Besides the difficulties in manufacture, numerous 
other shortcomings overbalance the advantages of 
this form. First, there is no chance for pitch di- 
ameter compensation for lead error. Secondly, 
flank contact is minimized. Contact with the mat- 
ing thread on both flanks simultaneously is im- 
possible. There can be little deviation from the 
zero-degree flank angle or interference will result. 
In addition, the alternative to looseness between 
the screw and nut in a radial direction is to have 
the bearing or contact with the mating part at 
either the crest or the root. This condition is high- 
ly undesirable. 

There are many applications where any one of 








the previous features could be objectionable. Thus, 
it becomes readily apparent why this form has 
been superseded by others, in particular the Acme. 


Acme Thread: Like the Square thread, the Acme 
has a basic depth equal to one half the pitch. 
However, here the similarity ends. Instead of a 
zero-degree flank angle, the Acme has a 144- 
degree flank, making the included angle 29 de- 
grees. The angular flank brings with it many 
advantages. By thickening the cross section at 
the root and, correspondingly, thinning the crest 
section, a much stronger thread is produced. Con- 
tact with the mating thread now occurs, as it 
should, at the flanks. The angular flank makes 
the thread easier to manufacture, whether the 
method be chasing, die cutting, milling, rolling 
or grinding. 

This last feature is particularly important. These 
threads are translating threads and are used pri- 
marily for transmitting power or motion. Thus, 
smooth operation is essential. Surface finish of 
the flanks assumes paramount importance since 
friction must be kept to a minimum and wear life 
to a maximum. While theoretically the angular 
flank on the Acme thread creates a frictional 
component 3 per cent greater than that of the 
Square thread, this is invariably overcome by 
the reduction in frictional drag brought about by 
the improved surface finish on the flanks. 


Stub Acme Thread: It is often difficult, even 
using the Acme form, to produce threads with 
the desired degree of surface finish. The material 
may be difficult to machine, the pitch may be 
extremely coarse, or factors peculiar to the par- 
ticular design may make use of the relatively deep 
Acme thread form questionable. An alternative, 
to minimize costly roughing and finishing opera- 
tions or grinding of the thread, is to substitute 
the Stud Acme form. It has a depth of only 0.3 
times the pitch. Cross section at the root is nearly 
equal to that of the Acme. In addition, it has the 
advantages derived from the 1414-degree flank. 

When machined, the Stub Acme form will usu- 
ally have threads of high quality because the 
amount of stock removal necessary is greatly re- 


Table 1—Comparison of Basic Translating Screw Thread Forms 





Root cross-section 














Threads Basic depth Total depth = Flank contact 
per inch Acme Stub Acme 60-deg Stub Acme Stub Acme 60-deg Stud Acme Stub Acme 60-deg Stub Acme Stub Acme 60-deg Stub 
16 0.0313 0.0188 0.0271 0.0363 0.0238 0.0283 0.0322 0.0194 0.0312 0.0420 0.0387 0.0483 
14 0.0357 0.0214 0.0309 0.0407 0.0264 0.0324 0.0368 0.0221 0.0357 0.0475 0.0438 0.0552 
12 0.0417 0.0250 0.0361 0.0467 0.0300 0.0378 0.0435 0.0258 0.0416 0.0549 0.0507 0.0644 
10 0.0500 0.0300 0.0433 0.0600 0.0400 0.0453 0.0516 0.0309 0.0499 0.0681 0.0630 0.0773 
9 0.0556 0.0333 0.0481 0.0656 0.0433 0.0503 0.0574 0.0343 0.0555 0.0751 0.0694 0.0859 
8 0.0625 0.0375 0.0541 0.0725 0.0475 0.0566 0.0645 0.0387 0.0624 0.0838 0.0764 0.0966 
7 0.0714 0.0429 0.0619 0.0814 0.0529 0.0647 0.0737 0.0443 0.0714 0.0951 0.0878 0.1103 
6 0.0833 0.0500 0.0722 0.0933 0.0600 0.0755 0.08€1 0.0517 0.0833 0.1100 0.1015 0.1289 
5 0.1000 0.0600 0.0866 0.1100 0.0700 0.0906 0.1032 0.0619 0.0999 0.1310 0.1207 0.1546 
4 0.1250 0.0750 0.1083 0.1350 0.0850 0.1133 0.1290 0.0775 0.1250 0.1625 0.1496 0.1933 
All dimensions are in inches. 
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duced. For example, an Acme with 10 threads 
per inch has a total depth of 0.060-in., while a 
Stub Acme of the same pitch has a total depth of 
0.040-in. Work of the threading tool is thus re- 
duced considerably for the Stub Acme form. 

For this reason, the Stub Acme has been widely 
used in the aircraft industry. Many aircraft com- 
ponents are made from high-alloy steels and other 
nonferrous materials with tensile strengths in the 
upper ranges and with extremely low machin- 
ability factors. There have been instances where 
such parts were machined satisfactorily when the 
Stub Acme thread was used. These same screws 
had to be ground when the full-depth standard 
Acme thread was specified. 

To meet requirements which are not wholly ful- 
filled by the Stub Acme form, there are two ac- 
cepted alternative modifications. These are desig- 
nated M1 and M2. The former is somewhat deeper 
than the Stub Acme and has a depth of 0.375 
times the pitch, while the latter is shallower with 
a depth of 0.250 times the pitch. 


60-Degree Stub Thread: Slightly deeper than 
the Stub Acme, the 60-degree Stub form has a 


Acme and Stub Acme 


0.010—in. clearance 


Bs 
Screw 0.010—in. clearance 
——— 
Acme }—0.0725-in. total depth 





Stub Acme —0.0475-in. total depth 


60-degree Stub 
‘ = 0.0025 in clearance 





' 
0 0566 -in total depth 


From Table 1, 
with 8 threads per in. are: Acme, 0.0725-in.; Stub 
Acme, 0.0475-in.; 60-degree Stub, 0.0566-in. Deepest 
is the Acme, followed by the 60-degree Stub. How- 
ever, difference in total depths for the 60-degree 
Stub and Stub Acme is only 0.0091-in. 

These differences in total depth are considerably 


total depths for a screw design 


less than for the basic depths. The variation stems 
from the allowed clearance values. For the Acme 
and Stub Acme forms, standard practice calls for an 
addition of 0.005 to 0.010-in. on the basic depth 
of thread of the screw and nut. In the example 
with 8 threads per in., this addition is 0.010-in. 

For the 60-degree Stub form, standard increase 
in basic depth for clearance is 0.02P. In the design 
with 8 threads per in., this addition becomes 0.0025- 
in. The increase in basic depth required for the 
60-degree Stub form is smaller than for the Acme 
forms because the 30-degree flank angle is con- 
ducive to closer fits. 


Fig. 2—Comparison of thread depths 
and clearances of Acme, Stub Acme 
and 60-degree Stub forms for a screw 
design with 8 threads per in. 
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TRANSLATING SCREW THREADS 





depth of 0.433 times the pitch. Flank angle is 30 
degrees, making for still greater root cross sec- 
tion and flank contact than the Acme forms. The 
increased root cross section provides greater re- 
sistance to shear stresses. 

The 30-degree flank has good machining char- 
acteristics particularly if the thread is a multiple- 
start design or has an extreme helix angle. Besides 
being easy to manufacture, the 60-degree Stub 
is much easier to measure than the other forms. 

The 60-degree Stub facilitates engagement when 
split nuts are involved. Requiring less clearance 
at crest and root, it permits closer fits to be ob- 
tained, keeping backlash down. While it will in- 
herently tend to give a higher degree of lead 
accuracy than any of the other translating threads, 
if lead error should occur there is more opportu- 
nity to compensate for it. 

Use of the 60-degree Stub thread has generally 
been somewhat limited, except in certain valve 
applications. The primary reason for this is the 
fact that the 30-degree flank angle which con- 
tributes so much also has one detrimental feature. 
It reduces the efficiency of the thread. Although 
there are applications where the efficiency of the 
screw is of prime importance, there are also count- 
less other jobs where the 60-degree Stub could 
effectively replace other forms with a substan- 
tial saving in production costs. 


Modified Square Thread: Elements of the Modi- 
fied Square form differ very little from the regular 


Square thread. Depth is the same, one half the 


pitch. Flank angle is 5 degrees, giving an included 
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Width of thread cross section at the root determines 
to a great extent the axial thrust capacity of the thread. 
From Table 1, for a screw design with 8 threads per 
in., root cross section widths are: Acme, 0.0838-in.; Stub 
Acme, 0.0764-in.; 60-degree Stub, 0.0966-in. Greatest 
resistance to stripping action is provided by the 60-degree 
Stub, followed by the Acme form. As compared to 
the Stub Acme, which has the smallest width of cross 
section, the 60-degree Stub will average about 26 per 
cent greater width for the sizes listed in Table 1. 


Fig. 3—Comparison of root cross sections 
of Acme, Stub Acme and 60-degree Stub 
forms for a screw design with 8 threads 
per in. Solid line indicates approximate pro- 
file of Modified Square Thread. 
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Flank contact, as defined here, is the actual distance 
along the thread flank at which contact occurs between 
screw and nut. This dimension has a direct influence 
on friction and wear characteristics of the screw as- 
sembly. Often, long nuts will be used in an attempt 
to prolong operating life of the screw assembly by in- 
creasing the wear surface. This solution would be logi- 
cal if perfect contact could be assured along the entire 
length of the nut. However, this condition is rarely 
realized even on the most carefully manufactured parts. 

From Table 1, based on an 8 threads per in. design, 
flank contact is: Acme, 0.0645-in.; Stub Acme, 0.0387- 
in.; 60-degree Stub, 0.0624-in. Greatest contact length 
is provided by the Acme followed closely by the 60- 
degree Stub. For the Stub Acme, flank contact is 0.023- 
in. less than that of the 60-degree Stub. For the Acme 
and 60-degree Stub, this difference becomes 0.002-in. On 
a relatively coarse thread, say 4 threads per in., flank 
contact of the Acme is still only 0.004-in. greater than 
for the 60-degree Stub. 


Fig. 4—Comparison of flank contact 
dimensions of Acme, Stub Acme, and 
60-degree Stub forms for a screw de- 
sign with 8 threads per in. 


angle of 10 degrees. This small flank angle over- 
comes some of the manufacturing difficulties of 
the zero degree flank, and in turn, only slightly 
decreases the overall efficiency of the screw. 

However, the Modified Square form is still so 
similar to the standard Square form and shares 
so many of the same drawbacks that it has never 
been very widely used. A useful application for 
this thread form is in light tubular parts, as ex- 
emplified by a shotgun barrel, where the low ratio 
of radial to axial thrust is highly desirable. 


Buttress Thread: While the Buttress thread is 
not strictly a translating form, it merits consider- 
ation because of its borderline nature. There 
have been as many versions of this form as there 
have been applications. An American Standard 
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As thrust is applied to the screw, it tends to wedge 
or split apart the nut. This bursting or frictional force 
increases directly as normal pressure and is proportional 
to the secant of the flank angle. This increase, over 
the Square thread, is on the order of 15 per cent for 
the 60-degree Stub form and 3 per cent for the Acme 
form. The Square thread with its zero-degree flank 
angle, of course, creates no wedging action. 


Fig. 5—Wedging action in screw and 
nut assemblies under thrust load. 
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Normal thrust F on the Square thread is parallel to 
the screw axis and perpendicular to the flank. For 
the Acme form this thrust becomes F’ = F sec 14% 
degrees. Here, the radial or frictional component F” 
produces a wedging action. Likewise, on the 60-degree 
Stub thread the thrust becomes F’ = F sec 30 degrees, 
and bursting or frictional c Pp t F’’ is corr Pp 
ingly increased. 


Fig. 6—Effect of flank angle on 
friction forces developed by 
translating screw threads. 
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for this form was finally established in 1953. 

Depth of the Buttress is 0.6627 times the pitch. 
Leading, or pressure flank, has a 7-degree angle; 
trailing flank angle is 45 degrees. Crests are 0.163 
times the pitch in width, and the roots have a 
radius of 0.071 times the pitch, tangent to both 
flanks. 

The Buttress thread is difficult to manufacture 
and measure. This property stems chiefly from 
its asymmetrical form, which makes both uniform 
flank finish and accurate lead hard to obtain. This 
asymmetry also affects the gaging. Thread meas- 
uring wires, for example, can never contact both 
flanks at the pitch line simultaneously. Therefore, 
a compromise must be effected. 

In addition, the less important 45-degree trail- 
ing flank, from a functional standpoint, has far 
greater influence on pitch diameter measurement 
than does the 7-degree pressure, or working, flank. 

The Buttress thread is, nevertheless, an ideal 
form for certain applications, notably those requir- 
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Lead error in screw causes nonengagement with nut 
due to interference shown by shaded area in top sketch. 
Reduction of pitch diameter by a distance 2K compen- 
sates for this error. This reduction produces the screw 
form shown dotted to permit engagement with nut. 

For the Square thread, reduction of pitch diameter 
will not change the axial position of the flank. Thus, 
compensation of lead error by the foregoing method 
is not possible. On the Acme and Stub Acme forms, 
compensation can be provided by reducing the pitch 
diameter 2K = 0.0038-in. for each 0.001-in. of lead 
error. For the same lead error, the 60-degree Stub 
requires a pitch diameter adjustment of 2K = 0.0017-in. 

For convenience, pitch diameter change has been 
shown in these drawings as reflected only on the minor 
diameter. 


Fig. 7—Analysis of lead error. interference 
in translating screws and how it can be com- 
pensated in basic thread forms. 
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ing exceptionally high thrust in one direction only. 
It is particularly well suited for clamp screws, 
breech blocks in large guns, aircraft propeller 
hubs, screws for actuating adjustable wrenches, 
optical and ordnance parts on thin-wall material 
and parts subject to extreme impact, such as rock 
bits and drill rods. 

As adopted, the Buttress form presents a well- 
conceived design which should be adhered to as 
much as possible. The steep 7-degree pressure flank 
reduces friction and, at the same time, increases the 
mechanical advantage. The long 45-degree slope of 
the trailing flank complements the pressure flank 
to produce a sizable root shear section which is 
substantially reinforced by the root radius. 


Comparison of Thread 
Characteristics 


Basic thread forms discussed in the foregoing 
section offer a range of design and operating char- 
acteristics to suit different application require- 
ments. These characteristics will now be analyzed 
and compared in detail for different standard 
thread forms. Comparisons will be confined, in 
general, to those threads which have to the 
greatest extent supplanted the Square form—the 
Acme, Stub Acme and 60-degree Stub. The mod- 
ified Square thread will be omitted because its use 
is relatively limited. Also, the Buttress thread 
will not be considered because of its special-pur- 
pose nature. 


Thread Dimensions: Comparative dimensional 
data for the Acme, Stub Acme and 60-degree Stub 
are given in Table 1. Thread depths of these three 
forms dre compared in Fig. 2. Similar comparisons 
for root cross section and flank contact are given 
in Figs. 3 and 4, respectively. 


Friction and Efficiency: There are many factors 
which influence the overall efficiency of a trans- 
lating screw. Not the least of these is the shape 
of the thread. It has a direct bearing on the pres- 
sure exerted on the thread, and at the same time 
on the frictional component produced. This re- 
lationship is perhaps best explained by Fig. 5, 
where the similarity between a thread and a com- 
mon wedge is pictured. 

An analysis of thread forces is shown in Fig. 6. 
As can be seen, the Square thread has theoretic- 
ally the greatest efficiency. In practice, however, 
this apparent advantage is tempered by other con- 
siderations such as surface finish, helix angle, and 
load distribution, which make use of one of the 
other thread forms desirable. 

While frictional drag is slight and often over- 
looked, it should be reckoned with in calculating 
screws which are to be heavily loaded. Also, the 
percentages given in Fig. 5 for increase of fric- 
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tional force presuppose equal flank contact in all 
cases. Since flank contact usually increases when- 
ever the Square thread is replaced by the other 
forms, this consideration too will add to the fric- 
tion factor. Both factors should be considered 
when loading is involved. 


Pitch Diameter Compensation for Lead Error: 


Sauore vs. Acme 
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Root cross section 
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If a Square thread is employed for the screw design, 
rough thread surfaces will probably result because of 
difficulties in machining the thread form as well as the 
material. For the same thread pitch and diameter, 
machining conditions would be improved if an Acme 
thread is used. 
flank, even though the Acme thread is slightly deeper. 
In addition, flank contact with the mating nut will be 
greater for the Acme and the root cross section will be 
However, root diameter will be 


This improvement is due to the angular 


increased about 1/3. 
reduced by 0.020-in. 

Further improvement in “machinability’’ is offered 
by the Stub Acme form with its shallower thread. How- 
ever, as compared to the Acme form, this thread will 
have a small root cross-section and flank contact will 
be substantially less, about %. For some applications, 
the reduction in stripping strength might be undesirable. 

If a 60-degree Stub thread is used, the increased 
flank angle would again act to improve machining con- 
ditions. In addition, as compared to the Acme forms, 
root cross-section will be greater. Flank contact will 
be less than the Acme but greater than the Stub Acme. 

The large flank angle of the 60-degree Stub is also 
important from other standpoints. As compared to the 
Acme form, the 60-degree Stub will provide a larger 
root diameter. Where torsional deflection of the screw 
is a problem, this increase in root diameter acts to re- 
duce the tendency to twist under load. Additionally, 
when long screws are mounted horizontally, there is al- 
ways the possibility of sag. Even when slight, this 
condition can result in seizing at the flank surfaces. 
With a large flank angle, this action will be much less 
serious. At the same time, however, the large flank 
angle acts to increase the friction at the flank surface. 


Fig. 8 — Comparison of characteristics of 
basic thread forms for application on a screw 
design with 8 threads per in. to be machined 
from a “tough’’ alloy. 








Besides the elements just discussed, there is an- 
other less tangible but quite important factor to 
be considered in screw design. This is the pos- 
sibility of pitch diameter compensation for lead 
error. By their very nature, some of these thread 
forms tend to engender lead error. This condition 
is primarily due to steep flank angles which re- 
sist the tool generating the thread. This resist- 
ance is naturally more pronounced on the Acme or 
Stub Acme forms than on the 60-degree Stub. 
Many applications require extremely long screws, 
introducing the possibility of torsional deflection. 
Often a certain amount of this deflection is re- 
tained, creating lead inaccuracy even though the 
screw was originally quite precise. Regardless of 
the cause, when lead error does occur, preventing 
proper engagement with the nut, it is possible to 
make correction by reducing the pitch diameter. 
This adjustment is possible on any thread except 
the Square thread form, as illustrated in Fig. 7. 
No correction can be effected on the Square 
thread because pitch diameter change does not 
affect the flanks in a lateral direction. But the 
other threads are subject to correction. However, 
for the same amount of lead error; it can be seen 
that it takes over twice as much pitch diameter 
reduction for correction of either the Acme or the 
Stub Acme forms as it does for the 60-degree Stub. 


Case! 


Acme thread (8 threads per in.) 
60-degree Stub thread (6 threads per in.) 








Case 2 
Stub Acme thread (8 threads per in.) 
i 60-degree Stub thread (10 threads per in.) 


ore 

Two cases will be considered, substituting a 60-degree 
Stub form for (1) am Acme thread and (2) a Stub 
Acme thread. Initial screw design in each case will be 
assumed to have 8 threads per in. 

In the first example, total depth for an Acme thread 
with 8 threads per in. is, from Table 1, 0.0725-in. 
Nearest matching dimension is provided by the 60-degree 
Stub form with 6 threads per in. and total depth of 
0.0755-in. This depth should be close enough to ful- 
fill root diameter requirements and still stay within 
tolerance. As compared to the Acme thread form, the 
60-degree Stub thread provides a wider root cross sec- 
tion and greater flank contact. However, it has been 
necessary to increase thread pitch to make the substi- 
tution. Although metal removal will be greater for the 
60-degree Stub, ease of machining the larger flank 
angle may compensate for this factor. 

For the second substitution example, a 60-degree Stub 
form with 10 threads per in. could be used to replace 
the 8-thread Stub Acme. From Table 1, difference in 
total depths of the two threads is about 0.002-in. Root 
cross sections would be about the same width for both 
forms although flank contact for the 60-degree Stub 
would be greater. Also, in this case it has been neces- 
sary to reduce thread pitch to make the substitution. 


Fig. 9—Effect of substitution of thread 


forms on screw design where root diam- 
eter is a critical dimension. 
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Thread Application: Characteristics of the vari- 
ous thread forms often offer several alternative 
possibilities in actual practice. Factors influenc- 
ing design approach for different requirements 
are analyzed in the representative application ex- 
amples shown in Figs. 8, 9, 10 and 11. 

The application example covered in Fig. 11 
emphasizes the fact that in the design of translat- 
ing screws, multiple threads should be considered 
for their particular attributes. They are generally 
more difficult to machine. Care must be taken in 
design to see that overhauling will not occur, due 
to the helix angle being greater than the angle of 
repose. The mechanical advantage will be lower, 
but the efficiency will be greater. Despite these 
limitations, there are many applications where the 
advantages of using a multiple-start thread far 
outweigh the drawbacks. 


Design Outlook: Although only a few represent- 
ative conditions have been analyzed, the foregoing 
examples illustrate some typical factors to be con- 
sidered in screw design. Attributes of a particular 
thread form that will be beneficial in one situation 
may work adversely in another. Evaluation of the 
favorable characteristics as well as of the limita- 
tions of each of these threads offers a practical 
guide to selection of the most suitable form for 
a particular application. 
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For a screw design with 8 threads per in., substitu- 
tion of a 60-degree Stub form for a Stub Acme thread 
will result in a reduction of root diameter because of 
the greater total depth of the 60-degree thread for 
that pitch. This decrease, which is 0.018-in., will still 
permit the thread to fall within Class 2 limits for either 
general purpose or centralizing fits. However, it will 
not meet Class 3 and 4 tolerance requirements. More- 
over, the root diameter reduction may be undesirable for 
other reasons. One approach to the problem is a modified 
60-degree Stub form in which depth has been decreased to 
correspond to that of the Stub Acme thread. In practice, 
this correction can be readily accomplished by modify- 
ing standard threading tools. As Compared to the Stub 
Acme form, the modified thread has equal pitch and 
total depth but flank contact and root cross section are 
greater. 


Fig. 10 — Modification of 60-degree Stub 
thread for substitution with Stub Acme form 
where root diameter is critical. 
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60- degree Stub(8 threads per in.) 
Stub Acme thread (5 threads per in.) 


Single-lead Stub Acme thread (5 threads per in.) 


0.250-—in. lead 





Double 60-degree Stub thread (8 threads per in., 


For certain translating screw applications maximum 
wear surface becomes a primary requirement. This 
condition is usually the case where the screw function 
is to provide precision control of motion. Thread shear 
strength and resistance to torsional stress are usually 
secondary considerations in such applications. 

As an example, consider a traversing screw design 
for a business machine or gunsighting mechani In 
the initial design, a Stub Acme form with 5 threads 
per in. has been employed to meet space limitations. 
If a 60-degree Stub thread is substituted for the Stub 
Acme form, equal flank contact should be maintained 
since wear surface is critical. From Table 1, the 60- 
degree Stub form with 8 threads per in. provides the 
closest match. Root cross section is reduced with this 
thread but root diameter is increased. 

Screws of the foregoing type will often be made of 
high-alloy or corrosion-resistant material. In that event, 
ease of manufacture may be an important factor. The 
finer pitch, shallower thread, increased flank angle and 
reduced helix angle of the 60-degree Stub form would 
offer advantages in machining. However, frictional re- 
sistance of the thread would be greater. 

Another point that may be important is the speed of 
advance. The 60-degree Stub form with 8 threads per 
in. would provide a “slower” thread than the Stub 
Acme design with 5 threads per in. If a slower ad- 
vance is undesirable, the condition could be rectified to 
some extent by using a double instead of a single-lead 
thread. 

For the Stub Acme thread, the lead of advance per 
revolution is equal to the pitch which is 0.200-in. If 
a double 60-degree Stub thread is used, the lead or ad- 
vance is doubled to 0.250-in. This value represents 
an increase over the Stub Acme form, but if speed of 
advance is important this increase will usually be wel- 
come. Change in helix angle for the double thread 
would not appreciably affect machining characteristics. 
On a %-in. diameter screw, the helix angle of double 
60-degree Stub thread would be 7 degrees 56 min, 
only 1 degree 20 min greater than that of the single- 
lead Stub Acme thread. On a l-in. diameter screw, 
the difference would be less than 1 degree. 





Fig. 11—Analysis of substitution of 60- 
degree Stub thread for Stub Acme form 
where amount of wear surface is critical. 
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By J. M. Nightingale 
Manchester, England 


ASIC hydraulic servo components will be dis- 
B cussed in this article. These components will 

be considered only in so far as they affect sys- 
tem performance, and not from the standpoint of 
mechanical design. In hydraulic servos there are 
a number of ancillary components which do not 
normally affect the performance of the system from 
the control point of view. These elements, such 
as filters, accumulators, nonreturn valves and prim- 
ing pumps, will in general be omitted from the 
discussion. 

A servomechanism is classified according to its 
power drive. This comprises the main amplifier, 
the power source and the servomotor. It is in fact 
the muscle of the system. Thus in a hydraulic 
servo the power drive consists of the appropriate 
hydraulic machinery, for example: a pump, selector 
and motor. In an electrical servo the power drive 
might consist of a Ward-Leonard system. Although 
this article is concerned only with hydraulic servos, 
the underlying principles are the same for servos 
in general. 

Closed-loop control systems include a number 
of basic elements in the forward loop and the feed- 
back path, Fig. 1. Each of the basic elements may 
actually be several separate physical components. 
Sometimes one physical component performs func- 
tions of two or more of the basic elements. 


Input Element: Command signal to the system 
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Hydraulic Servo 


... their effect 


is supplied by the input element. In most hydraulic 
servos the command signal is either a displacement 
or a voltage. This latter implies the use of elec- 
trical components in the low-power side. 

In some instances, a hydraulic servo may be 
only a part of a more complex control system, Fig. 
2. In such cases the input element is the preceding 
element in the control sequence. 


Error Detectors: Function of the error detector 
in a servo is to observe any difference between the 
output and the input and to produce a signal, the 
error signal, proportional to this difference. In 
most cases this is achieved by subtracting from 
the command signal a measure of the output ob- 
tained from the feedback elements. This feedback 
signal must be of the same physical nature as 
the command signal. For instance, if the command 
signal is a voltage and the output is a displacement, 
then the feedback measuring device must convert 
the output displacement into a proportional voltage. 
When both input and output signals are voltages, 
they can be subtracted directly, Fig. 3a, if im- 
pedances are suitably matched. 

In many cases some form of differential is needed 
to subtract the feedback signal from the com- 
mand signal. For instance, if both are displace- 
ments, either a lever differential for straight-line 
motion, or a gear differential for rotational motion 
can be used, Fig. 3b. Accuracy of these systems 
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is limited by backlash in the joints and bearings. 

Other differentials can be devised for subtract- 
ing other kinds of quantities—for example, pres- 
sures and forces, Fig. 4. By introducing springs, 
Fig. 5, displacement error signals can be produced. 
Disadvantage is the lack of accuracy due to the 
spring characteristics and friction, particularly if 
the error signal has to overcome any appreciable 
load. Although these devices are, therefore, not 
very satisfactory for the main feedback loop, they 
can be used for local feedback loops which are 
sometimes put around elements within the main 
loop to improve their characteristics. 

Sometimes, feedback is purely virtual, as in speed 
governors, for example. In this case no differential 


Input 

i sige 
+ ——=} Error 
yf Hy signal 











+ 
| 
input Output V 
—a <— 
(a) Output (od) 


November 29, 1956 














Input Elements 
Error Detectors 
Valve Amplifiers 
Power Supplies 


is needed. Here, the governor is called an error- 
sensing device since it senses rather than measures 
the difference between the output and the input. 

In some instances functions of output measur- 
ing, data transmission and error detecting are car- 
ried out by single element. 


Control Valve Amplifiers: Simplest type of pow- 
er amplifier used in hydraulic servos is the contro) 
valve. Most common is the slide-valve amplifier, 
Fig. 6. Control valves are essentially variable ori- 
fices which offer a controllable resistance to the 
flow from a source of power. Normally each valve 
is a sharp-edged orifice and the flow through it 
is given by Bernouilli’s equation, with an appro- 


to subtract the feedback sig- 
nal from the input or com- 
mand signal when these 


signals are mechanical 
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nevertheless, useful in local feedback loops. 
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priate correction for energy dissipated as heat. 
A convenient formula to remember for the flow is 


Q=100A VP (1) 
where Q = flow through orifice, cu in. per sec; 
P = pressure drop across orifice, psi; and A = 


area of orifice, sq in. 

The constant 100 applies for a fluid specific 
gravity of 0.89 and an orifice discharge coefficient 
of 0.65. This latter figure holds for circular ori- 
fices, but for annular orifices, the discharge coef- 
ficient is more like 0.8. In this case a figure of 
130 instead of 100 should be used. 

Sometimes valve ports are viscous resistances. 
Here the flow passes through a parallel channel 
of small clearance. For an annular flow path, Fig. 7, 
the flow is given by 


a De® 
poy fom @) 
174,000 » L 


where D = diameter of annulus, in.; ZL = length 
of land, in.; c = clearance, in.; and » = dynamic 
viscosity, poises. 


Nomenclature 
A = Area of orifice, sq in. 
= Valve spool radial clearance, in. 
Diameter of annulus, in. 
Function of z 
Power delivered by pump, lIb-in. per sec 
Constant 
Length of valve spool land, in. 
Rotational speed, rpm 
Pressure, psi 
Flow through orifice, cu in. per sec 
Torque, Ib-in. 
Volumetric displacement, cu in. 
Displacement, in. 
Efficiency 
» = Dynamic viscosity, poises 


° 
| 


f(x) 


ee td | | | 


se T8OyvsnAS 




















Valve plate Cylinder block 


Fig. 8—Swash-plate or axial-piston pumps 
are one of the types of fixed-displacement 
pumps commonly used in servos. Pumps of 
this general type are called fixed-displace- 
ment or simply displacement pumps because 
flow rate is affected very little by outlet 
pressure. In this i design, swash- 
plate angle may be fixed or varied to pro- 
vide different flow rates. 
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In control valves, viscous resistances are varied 
by altering length, L. Viscous resistances are also 
used in hydraulic networks as constant resistances. 
However, since they are sensitive to temperature 
variation, some form of compensation must be pro- 
vided. 

Viscous orifice control valves, sometimes called 
throttling valves, are of limited use in sensitive 
servos because in general only small flow rates 
can be handled. 

In the normal type of variable-orifice valve, the 
controlling member—the valve spool, Fig. 6—is 
displaced according to some measure of the error 
signal. The exposed orifice area will depend on 
the valve displacement, x. The flow is given by an 
equation of the form, 


Q = f(x) VP (3) 


Since the force required to operate the valve 
has only to overcome friction and hydrodynamic 
forces, considerable power amplification can be 
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Fig. 9—As pressure differential varies across 
a fixed-displacement pump driven at constant 
rpm, the flow rate Q is substantially constant. 
There is a slight reduction in flow because 
of increased leakage at higher pressures. If 
pressure becomes sufficiently high, the prime 
mover will not maintain speed and will stall. 


Fig. 10—To achieve constant-pressure sup- 
ply from a hydraulic pimp. a relief valve is 
placed in the pump delivery line, 4. How- 
ever, the pump must then deliver flow at 
full system pressure even though no power 
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achieved. Power is monitored from a constant pres- 
sure supply in most cases. 


Power Supplies: Power is supplied in the form 
of fluid under pressure from hydraulic pumps. In 
hydraulic servo applications, pumps are almost 
invariably displacement pumps and not dynamic 
pumps. The flow delivered by displacement pumps 
depends only on the capacity of the pump and on 
the speed of the prime mover which drives it. In 
the case of dynamic pumps, typified by centrifugal 
pumps, flow is so affected by output pressure, 
temperature and so on that these pumps are not 
really suitable for control applications. 

Displacement pumps are, for example, radial- 
piston and swash-plate or axial-piston pumps, Fig. 
8, gear pumps or vane pumps. They deliver a 
constant volume V, per revolution of the driving 
shaft. Therefore, if they are driven at a speed of N 
revolutions per minute, the flow delivered is, neg- 
lecting for the moment the small losses due to leak- 
age and compressibility, 

NV, 
Q= (4) 
60 





where Q is the flow rate in cu in. per sec and V, 
is pump displacement in cu in. per rev. 

Power supplied by the prime mover is 2xN7/60 
Ib-in. per sec. Power delivered by the pump is QP 
Ib-in. per sec, where P is the excess of pump de- 
livery pressure over reservoir pressure. Then, if 
np is the efficiency of the pump, 


(5) 





2cNT ) 


H, = QP = 1 ( 60 


where H, is the power delivered by the pump in 
Ib-in./sec. 

Pressure delivered by the pump depends on the 
resistance met by the constant fluid flow. In prac- 


can be overcome by a cut-out valve 
to open an idling circuit when there is no 
= , or by using a variable 
elivery pump controlled by system pres- 
sure, ¢, to automatically increase or decrease 
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Fig. 11—Flow-pressure characteristic of sys- 
tems shown in Fig. 10 is nearly constant from 
zero to full pump flow rate. 


tice the flow is not strictly constant but is slightly 
influenced by P, because of leakage. Leakage is 
roughly proportional to P and causes the pump 
flow-pressure curve to vary, Fig. 9. At high pres- 
sures the leakage is of the order of 5 per cent. 
Maximum available pressure is limited by stall 
torque of the prime mover, Fig. 9. By combining 
Equations 4 and 5 an expression for the pressure 
is obtained: 

27pT 


P= —_*— (6) 
V, 


Thus, apart from leakage and compressibility 
effects, a displacement pump is essentially a con- 
stant-flow generator. However, with valve-con- 
trolled servos a constant pressure supply is re- 
quired. This can be achieved by means of a pres- 
sure-relief valve in the pump delivery line, Fig. 
10a. But this system has a drawback in that even 
when no power is demanded by the servo, the pump 
delivers flow at full system pressure. This means un- 
necessary wear and tear on the pump. This can be 
overcome by using a pressure-operated cutout valve 
to open an unloaded idling circuit when there is 
no demand from the system, Fig. 10b. An alterna- 
tive scheme is a variable delivery pump controlled 


by system pressure, Fig. 10c. 

The flow-pressure characteristics of these sys- 
tems, as seen by the control valve, are shown in 
Fig. 11. Nominal supply pressure P, depends large- 
ly on the type of servo. Typical values are: 

1. Up to 100 lb per sq in. for low power servos— 

industrial regulators, process controls, etc. 

2. From’100 to 1500 Ib per sq in. for medium 

power servos—machine tools, ordnance, etc. 

3. From 1500 to 4000 Ib per sq in. for high power 

servos—aircraft, missiles, etc. 


Equation 3 shows that, if the pressure drop 
across a control valve is constant, flow rate de- 
pends upon valve displacement. This is an example 
of a flow-control valve, rather than a pressure- 
control valve. A bad feature is that much 
power is dissipated in the form of heat at the 
valve orifice. In fact, to achieve maximum power 
delivery to the system, one third of the total sup- 
ply pressure P, must be dissipated across the valve. 
This low efficiency offsets the basic simplicity of 
valve-controlled servos. 

To avoid power dissipation and achieve high ef- 
ficiency, variable-delivery pumps, Fig. 8, are often 
used instead of constant-delivery pumps plus con- 
trol valves. The pumps are basically modified ver- 
sions of the constant-displacement pumps previous- 
ly discussed. Flow from a variable-delivery pump 
is approximately 





Q x ( NV, ) - . 
=e —_ ) 
L \ 60 ’ 
where x = control lever displacement from no- 


flow position and L = maximum control lever dis- 

placement. Although the loads to operate the con- 

trol lever are fairly considerable and cyclic, power 

needed to operate this lever is very small compared 

with the power delivered to the system. 
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Tips and 
Techniaues 





Checking Pencils 


A technique which has proved to be very satis- 
factory when checking drawings is to use a green 
pencil for indicating correct dimensions, data, etc., 
and a red pencil for indicating incorrect informa- 
tion. To make the use of the two colors more con- 


Red 





“.. Securely 


Green taped together 


11s 


vient, the pencils may be taped together as shown. 
—CHARLES E. GATES, Bendix-Westinghouse Auto- 
motive Air Brake Co., Elyria, O. 


Protecting Drawings 

A light coat of acrylic plastic or lacquer sprayed 
on drawings will prevent their becoming smudged 
and dirty from continual use. The coating may be- 
come soiled but it can be easily wiped clean with 
a damp cloth or erased.—RICHARD L. BATES, Small 
Aircraft Engine Dept., General Electric Co., West 
Lynn, Mass. 
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Torsion Bar Controls Impact Tool Torque 


UTOMATIC shutoff Ff 

when a preset torque | 
is reached is an outstand- 
ing feature of a recently 
introduced electric impact 
tool. A product of Inger- 
soll-Rand Co., the tool is 
easily adjusted for torques 
from 20 to 90 lb-ft or may 
be used in conventional 
manner with no torque 
control. Full power is 
available in both directions 
of rotation so that either 
right-hand or left-hand 
threaded nuts or bolts may 
be tightened. The tool may 
also be used for drilling, 
wire brushing or hole saw- 
ing. i 


Torque-limiting action results from the 
torsion bar which functions like a solid mem- 
ber until preset torque is reached. When pre- 
set torque is reached, the torsion bar acts as 
a spring and is twisted a bit by the impact 
of the hammer on the anvil. Then, during the 
next portion of the cycle when the hammer 
is not exerting pressure on the anvil, the 
energy stored in the twisted torsion bar acts 
through the anvil against the hammer to 
force the hammer back far enough to con- 
tact the release pin. The release pin then 
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forces the release plunger against a switch- 
operating crank to open the electrical circuit 
to the motor. Setting of the torsion bar is 
accomplished by first slipping the torsion 
bar cap far enough forward to disengage 
the splines in the cap from those on the 
torsion bar. Then, with a wrench, the torsion 
bar is twisted until the proper calibrating 
mark on the cap lines up with an index mark 
on the torsion-bar housing. The cap is then 
pushed back to engage the splines on the 
torsion bar. 
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Basic methods of adjusting speed in } 
AC and DC Electric- | 


HE development of adjustable-speed drives, 

for which there has been rapidly increasing 

demand in recent years in almost all areas 
of original equipment design, has led to a large 
number of apparently different solutions of the 
problem. The variety of arrangements used tends 
to obscure the fact that they are all based on 
common fundamental principles of design and op- 
eration. This does not mean that the details of 
and differences between the types of machines used 
and their combinations are not of importance for 


their function and successful application; but just 
because of this, it is important to realize their 
basic inherent features. 

A brief survey is presented here on the under- 
lying common principles of practically all of the 
adjustable-speed drive systems using rotating dy- 
namoelectric machines. It is usual to treat ma- 
chines and circuits separately because of their al- 
leged fundamental differences. In this article a 
different approach is taken, and the two systems 
are dealt with at the same time. 


General Dynamoelectric Machine 


The two schematic diagrams in Fig. 1 show the 
essential features of individual rotating dynamo- 
electric machines incorporated in the different 
schemes of adjustable-speed drives. In general, 
these circuits apply to practically all the possible 
electric rotating machines. 

In Figs. la and 1b are shown the same funda- 
mental machine. The stationary part is termed the 
field system in dc machines or the stator in ac 
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Slip rings 








(a) Stationary Magnetic Field 
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units. The rotating assembly is called an armature 
in de motor or generator and a rotor in ac ma- 
chines. The only reason two sketches are shown 
in Fig. 1 of the same fundamental electric ma- 
chine is that it is easier to describe the different 
functions by assuming in one case, Fig. la, a mag- 
netic field that is stationary in space, whereas in 
the other case, Fig. 1b, the field is rotating at 
the frequency of an ac power supply. In both cases 


aimed 





Fig. 1—Basic schemat- 
ic diagrams of two 
general dynamoelec- 
tric machines. The 
magnetic field is sta- 
tionary in a whereas 
it is assumed to be ro- 
tating in 5. 











(b) Rotating Magnetic Field 
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the electric rotating machine is shown with a com- 
mutator and a system of slip rings in its rotating 
part. 


Commutators and Slip Rings: All electric motors 
or generators are basically ac machines. Apart from 
the squirrel-cage induction motor, which is not ordi- 
narily an adjustable-speed motor in itself, it is gen- 
erally necessary to provide an element to connect 
electrically the winding of the rotating part with 
some stationary apparatus or electric power supply 
outside the machine. Slip rings are suitable ele- 
ments for this purpose in some circumstances and 
commutators in others. Both are required for some 
types of machines. In order to make the correct 
choice it is necessary to realize basically what hap- 
pens in the rotating part of the general dynamo- 
electric machine. 


Voltage and Frequency: Every time the rotating 
part of the machine in Fig. la completes one revo- 
lution, the direction of the magnetic field, as seen 
from a conductor in the rotating winding, changes 
from one direction to the other and back again 
completing one cycle. 

The number of cycles is, therefore, the same for 
the two-pole electric machine as the number of 
revolutions per second; as speed increases, the 
voltage induced by the changes of flux in the ro- 
tating part also increases. 

A voltmeter connected between the brushes in 
contact with the slip rings, which are connected to 
fixed points of the rotating winding, will there- 
fore register an ac voltage, H,, of a magnitude pro- 
portional to the speed, as shown in Fig. 2a. The 
frequency of this voltage is also proportional to 
speed. 

In contrast the segments of the commutator and 
the part of the winding connected to the segments 
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Speed of electric motors can be ad- 
justed by: 

1. Changing the frequency, 
phase or voltage of electric 
power applied. 

2. Changing impedance at cer- 
tain points in the motor cir- 
cuit. 

3. Changing actual motor de- 
sign, such as, reconnecting 
motor windings or shifting 
brushes. 


Most of the basic methods of speed 
control are well known. However, 
the host of drive-system variations 
and combinations are often difficult 
to remember and understand. This 
problem for the application or design 
engineer is further amplified by the 
alleged fundamental differences in 
control and operation of ac and dc 
electrical machines. 


This article shows how each basic 
speed-control method is applied to 
either an ac or a dc motor. The 
only exceptions are methods of speed 
adjustment where the _ rotational 
speed of the stator field is changed 
in a manner that can only be ac- 
complished with ac motors. 
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Fig. 2—Voltage and 





frequency characteris- 
tics at various points 
in the general dyna- 
moelectric machine, 
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a) Stationary Mognetic Field 


between any two stationary brushes change con- 
tinually. The part of the winding, which at a par- 
ticular time is connected between these brushes, 
remains in the same position in space irrespective 
of the speed of the rotating armature. Since this 
is the case, the magnetic field with regard to the 
part of the winding between these fixed brushes 
does not change its direction. A voltmeter reading 
at the commutator brushes will show that the direc- 
tion of the voltage, Z,, remains constant, whereas 
its magnitude increases with the speed in exactly 
the same way as the slip-ring voltage. 

The result is that at the commutator a de volt- 
age appears, but at the slip rings an ac voltage 
can be measured; both are proportional to the 
speed and both are, in principle, of the same mag- 
nitude, Fig. 2a. 

Driven or driving, the dynamoelectric machine 
can therefore be used either as an ac or a de gen- 
erator or motor. The choice depends only on wheth- 
er the slip rings or the commutator are utilized. 

It is important to realize that in every type of 
dynamoelectric machine an ac voltage induced in 
at least one part and a commutator is needed to 
convert this ac voltage to de if such is required. 
In the stationary field design, Fig. 1a, the rotat- 
ing part receives an induced ac voltage. 

In the general machine shown in Fig. 1b the 
speed of the rotating magnetic field is equal to 
the number of cycles of the multiphase power 
supply to which the stator winding is connected. 
This statement applies only to the machine shown 
which has one pair of poles. Since the rotating 
field always moves past two pole pitches during 
one cycle, in machines with more than one pair 
of poles the field rotates in space at an angular 
velocity inversely proportional to the number of 
pole pairs. For example, in a four-pole machine 
the field rotates in space with one-half the num- 
ber of cycles as a two-pole design, and in a six- 
pole machine with one-third the number of cycles. 

As long as the rotating part remains at stand- 
still, the speed of rotation of the field, observed 
from the rotating part, is the same as seen from 
the stator and equals the supply frequency. 

If the rotor revolves in the direction of rotation 
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The plot in a is for a 
stationary magnetic 
field; that in 6} is for 
the rotating field. 


Rotor and slip-ring frequency 


(b) Rotating Magnetic Field 


Table 1—Types of Dynamoelectric Machines? 
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1. Single phase ac rotating electric machines are not included. 
2. Rotor winding is short circuited in squirrel-cage motors. 
3. Slip rings are replaced by flexible connections. 
4. An example of this type of motor is the Bogue N.S. variable- 


speed ac motor which can be designed with a shunt or series 
characteristic. 
. This drive is exemplified by the Bogue Speedmaster. 
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of the stator field, which is usually the case in 
practical applications, the frequency and magni- 
tude of the voltage induced in the rotor winding 
decreases with increasing speed. Both are zero 
at synchronous speed where the rotor revolves at 
the same speed as the stator field. In this condi- 
tion there is no relative speed between the stator 
field and the rotor, and no voltages are therefore 
induced in the rotor winding. If rotor speed is 
increased above the synchronous speed, voltage and 
frequency rise again in proportion to the differ- 
ence between actual speed and synchronous speed. 

A clear picture of conditions in the rotor wind- 
ing of the general machine with a rotating stator 
field makes it easy to determine which voltage and 
frequencies will appear at the slip rings and at 
the commutator. 

At the slip rings, which are connected to fixed 
tops in the rotor winding, the same voltages and 
frequencies must appear as in the rotor winding 
itself as shown in Fig. 2b. Slip-ring voltage and 
commutator voltage in Fig. 2b are of equal mag- 


Types of Rotating 


The general compilation in Table 1 provides a 
comprehensive picture of the whole field of rotat- 
ing electric machinery. This table contains the 
possible combinations that can be directly derived 
from the general rotating electric machine with a 
stationary or rotating field. All known and prac- 
tically used systems of rotating electric machines 
can be described in these terms and are in the 
table. Some machines not mentioned in Table 1 
because they require constructional features not 
falling within the framework of this article survey 


ADJUSTING SPEED IN 
ELECTRIC MOTOR DRIVES 





nitude; both decrease from the standstill value 
and reach zero at synchronous speed and then 
increase above synchronous speed. Additionally, be- 
cause of the commutator action, the part of the 
winding at any particular time between the sta- 
tionary commutator brushes also remains station- 
ary in space. Therefore, the frequency of the volt- 
age at the commutator brushes is identical to that 
of the stator field. It will be shown later how this 
principle is utilized to obtain efficient speed vari- 
ation with ac motors. 

It must be realized that the machine in which 
the field in the stationary part is fixed in space, 
Fig. la, is only a special case of the application 
of the general machine in which the speed of ro- 
tation of the stator field is zero. Thus, the fre- 
quency at the commutator brushes is zero as well 
which means a de voltage appears at the commuv- 
tator brushes. 


can nevertheless be grouped within the genera) 
types of the table. The Scherbius machine and 
other phase advancers, for instance, which require 
a special field system fall under category of a 
stator-fed ac commutator motor. The Schrage mo- 
tor, which requires two movable-brush systems on 
the commutator, falls under the frequency-con- 
verter category in Table 1. For the border-line 
case of the synchronous machine, both the sta- 
tionary and rotating field types of genera] machines 
can be and are being used. 


Electric-Motor Speed-Adjustment Methods 


It is easy to visualize what to do to adjust 
speed if it is remembered that (1) in every elec- 
tric circuit the voltages must be balanced, that is, 
the voltage applied to any winding must be equal 
and opposite to the voltage this winding gener- 
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(a) DC motor 
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ates, and (2) the voltage generated in the rotor 
winding is proportional to the flux or total strength 
of the magnetic field entering the rotor from the 
stationary part and the relative speed between 
the rotor winding and the magnetic field. Point 2 


OC supply fran eebe 
Field Fig. 3 — Method of 
winding ake motor speed adjust- 
ment where armature 
Rotor _ resistance is changed 
| regulating in a dc motor, a, or 
resistors 





rotor resistance in an 
ac motor, 3. 


(b) AC Induction (slip-ring) Motor 
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can be expressed in the following way: 


Armature or rotor voltage equals machine 
constant times field flux times relative 
speed of armature or rotor referred to 
stator field. 


The machine constant contains the number of 
poles, the number of turns in the armature or ro- 
tor winding and, generally speaking, quantities 
that are inherent in the machine that cannot be 
altered under operational conditions. The only ex- 
ception is the pole-change motor referred to later 
in which, through a change of stator-winding con- 
nections, the machine constant is operationally 
changed. 

From the formula it is easy to derive three basic 
methods of changing the speed. These are: 


1. Change of voltage applied to the armature or 
rotor winding. 

2. Change of flux. 

3. Change of rotational speed of the field in the 
stationary part. 


There are of course combinations of different 
methods possible to which reference will be made 
as far as they are applied in practical use. First 
to be considered is speed adjustment through volt- 
age variation in the armature or rotor. There are 
two basic ways to adjust armature or rotor volt- 
age. One method is to insert resistance in the mo- 
tor circuits. The other is to change the power- 
supply voltage. Resistance control will be discussed 
first. 


Adjustable-Resistance Speed Control: The sim- 


OC Adjustobie-Voltage Systems 


plest way of varying voltage in the armature or ro- 
tor is to introduce resistance in that circuit. The 
voltage drop developed in a resistor by the load 
current changes voltage which in turn changes 
the motor speed. In Figs. 3a and b the applica- 
tion of this arrangement to a de and an ac motor 
is shown. 

In place of the slip rings shown, a commutator 
can be used also in the case of the ac machine, 
Fig. 3b, but this is not necessary since the fre- 
quency of the current in the resistance does not 
affect the function. In both cases there are heavy 
power losses in the resistors which are propor- 
tional to the amount of speed reduction. If for 
instance 3314 per cent speed reduction below the 
“natural” speed without resistance of either ma- 
chine is required the losses in the resistance to 
obtain this lower speed are also 3314 per cent of 
the electrical input of the armature or rotor, which 
amounts to 50 per cent of the mechanical output 
at the shaft. 

Since the voltage drop depends on the current 
in the resistance, a change of this current also 
changes the adjusted speed. The system is in- 
effective, without loading of the motor, with the 
result that when the load disappears the motor 
returns to its normal speed, and in case load 
changes, large speed changes occur. 

Resistance speed regulation is therefore limited 
in its application, although it is fairly widely ap- 
plied for intermittent and short-time speed ad- 
justment. For example, it is applied in hoist and 
traction applications. Of course, resistance is used 
for starting purposes to control starting torque 
and current. 





AC Adjustable-Vottage Systems 
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Adjustable-Voltage Speed Control: Voltage in ad- 
justable-resistance motor controls depends on the 
load current, but voltage from an external power 
supply used for speed regulation is independent of 
load. Motors so regulated can be adjusted in speed 
independent of the load. Expressed in a different 
way, such motors have a shunt characteristic, that 
is, speed, once adjusted, does not vary materially 
with shaft load. 

Two dc and two ac adjustable voltage arrange- 
ments of this kind are shown in Fig. 4. The Ward- 
Leonard system in Fig. 4a and the positive-and- 
negative booster arrangement in Fig. 4c have in 
principle the same function. The Ward-Leonard 
set can be utilized without requiring a main dc 
supply since the driving motor of the Ward-Leonard 
generator can be an ac motor, or any other prime 
mover. The positive-and-negative booster set re- 
quires a de supply. 

As is well known, in the Ward-Leonard set the 





Fig. 5—Bogue N.S. variable-speed ac drives which 
are composed of two units—a commutator type 
wound-rotor motor and an adjustable induction regu- 
lator. Drives are available in horsepower sizes of 
14, to 1000 speed ranges up to 30 to 1 
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voltage supplied from the generator to the adjust- 
able-speed motor is changed by varying the field 
excitation of the generator. In the positive-and- 
negative booster arrangement the adjustable gen- 
erator voltage is added to and subtracted from 
the de supply voltage and this requires a reversal 
of field excitation in the process. The motor field 
is, in principle, kept constant, although combina- 
tions with motor field regulation are in use. 

In Fig. 4b is the ac slip-ring motor with a fre- 
quency converter and an adjustable-voltage trans- 
former in the rotor circuit. The adjustable-fre- 
quency supply is required in this case since the 
slip-ring voltage varies its frequency with the 
speed of the motor, Fig. 2b, and it is therefore 
necessary to introduce in the rotor circuit an ad- 
justable voltage of the same frequency to obtain 
a workable arrangement. A Scherbius machine can, 
along with several other alternative systems, be 
substituted for the frequency converter shown in 
Fig. 4b. 

The “loss free” speed regulation of the slip-ring 
motor requires additional rotating machinery. Its 
use has declined considerably in recent years and 
has been restricted in application to very large sets. 

The introduction of a commutator in the ac 
motor, which converts the variable rotor frequency 
into a constant supply frequency, makes it pos- 
sible to use the arrangement shown in Figs. 4d 
and 5. This design speed regulation is obtained 
by the introduction of an adjustable voltage of 
supply frequency into the rotor circuit. This ad- 
justable voltage is produced by an induction regu- 
lator. This stator-fed ac commutator motor with 
shunt characteristic is trade named the N.S. vari- 
able-speed ac motor, Fig. 5. 

It is impossible within this space fully to de- 
scribe the different systems of induction regulators 
that are applied with the N.S. machine. It must, 
therefore, be sufficient to say that the induction 
regulator is in essence a stationary slip-ring in- 
duction machine, although in practice the slip 
rings are replaced by flexible connections since 
the rotor is not moved more than 180 degrees. 
One part, either stator or rotor, is connected to 
the supply and the other part, in principle, pro- 
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duces the required variable voltage which is fed 
into the rotor circuit of the adjustable-speed motor. 

As Fig. 2b shows, the voltage required to obtain 
speed variation increases with increasing difference 
of speed from the synchronous speed, which is 
in line with the general formula previously men- 
tioned. The induction regulator has therefore to 
produce a voltage of the order of, and opposing, 
the rotor voltage to obtain low speed. The regulator 
voltage has to be gradually reduced so that at 
synchronous speed it becomes zero and has to be 
built up in the reverse direction to obtain speeds 
above the synchronous speed. 

In this respect the arrangement in Fig. 4d is 
like the positive-and-negative booster set in Fig. 
4c, the synchronous speed of the ac arrangement 
taking the place of the speed obtained when the 
variable booster voltage is zero, and the motor 
armature is fed with the constant de supply volt- 
age. 


Field-Strength Speed Control for Series Motors: 
Change of field strength in series motors is brought 
about by the change of load current since load cur- 
cent flows in series through both the field or stator 
winding and the armature or rotor. This is, there- 
fore, again a speed adjustment dependent on load 
but in principle “loss free.” A definite speed-torque 
characteristic is obtained for any one adjustment 
of the relative field strength and load current. 
The connections for both de and ac series motors 
are very simple as shown in Figs. 6a and b. 

In the de series motor the armature winding 
can be designed so as to allow the full supply volt- 
age to be applied to it, whereas in the ac series 
motor it is generally necessary to have an inter- 
mediate transformer introduced between the stator 
and rotor circuit. Since the transformation ratio 
of this transformer is constant, the connection is 
a true series connection with the currents in the 
rotor and stator circuit always remaining propor- 
tional. 

The speed of the series motor changes auto- 
matically with the load, which is a requirement 
in many traction or hoist type drives, in order 
to obtain automatic speed increase with light loads 
and, conversely, automatic speed decrease with 
heavy loads. It is also necessary to make provision 
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for adjusting at will the speed-torque characteristic 
to produce different speeds at given loads. This 
can be done with both dc and ac series motors 
by introducing series resistance in the circuit, which 
of course causes losses and is therefore only used 
for intermittent operation ordinarily. 

It is also possible to adjust the supply voltage 
for the same purpose with both de and ac motors 
by various means. A common way of changing 
the torque-speed characteristic of the dc series 
motor is the field diverter, shown dotted in Fig. 
6a. 

In the ac series motor it is, moreover, possible 
to obtain such adjustment by changing the phase 
position between stator and rotor current. This can 
be done by shifting the brush gear. 

If, as indicated in Fig. 6b, the intermediate trans- 
former is replaced by an induction regulator, i.e., 
with the N.S. series motor, it is possible to adjust 
the torque-speed characteristic without having re- 
sort to brush shifting. This is a suitable and simple 
technique of adjusting without losses the speed 
of such drives as fans. The falling torque of fan 
loads results in stable conditions in spite of the 
series torque-speed characteristic of this motor. 


Field-Strength Speed Control for Shunt Motors: 
The possibility of using an adjustable field re- 
sistance for varying the field excitation of a dc 
shunt motor is well known. This design is used, 
for instance, for the de driving motor of motor- 
alternator sets in adjustable-frequency power sup- 
plies. 

A similar possibility exists with a shunt ac mo- 
tor, but this is only effective if the machine op- 
erates at speeds different from the synchronous 
speed. 

Stator voltage regulation of the ac shunt motor 
is therefore in practice used only in combination 
with rotor voltage regulation, The principle, illus- 
trated in Fig. 7b, can best be compared on the de 
side with Ward-Leonard control combined with 
field regulation of a de motor as shown in Fig. 7a. 
It will be seen from Fig. 7b that the voltage pro- 
duced by the induction regulator is not only ap- 
plied to the rotor of the N.S. motor, as in Fig. 4a, 
but through an auxiliary or booster transformer 
which is also introduced in the stator circuit. In 
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this way a voltage proportional to the adjusted 
induction-regulator voltage is added to or sub- 
tracted from the supply voltage fed into the stator 
winding. The continuous change of field so obtained 
in the ac motor can be usefully employed to achieve 
improved performance of this machine, especially 
where the load torque is not constant over the 
speed range. 

In the de arrangement, Fig. 7a, field weakening 
through the shunt-field regulator is generally em- 
ployed to extend the speed range upward without 
having to increase the size of the Ward-Leonard 
set in those cases where constant output is suf- 
ficient in the upper part of the speed range. 

While the field regulation of the ac motor can 
be utilized under the same conditions, that is, 
constant output over some part of the range, it 
is also possible with the ac arrangement to reduce 
the flux of the motor with reducing speed by in- 
troducing the boosting voltage in the stator cir- 
cuit in the reverse direction. By this means a 
useful improvement of the performance, efficiency 
and power factor can be obtained with drives that 
require reduced torque at low speeds, like fans and 
pumps. 


Speed Adjustment with Pole-Change Motors: 
This system of speed regulation is only applicable 
to ac motors but all machines used fall under 
the description of the general rotating electric 
machine as outlined in the first part of this article. 

The most obvious way of changing the rota- 
tional speed of the magnetic field of the general 
machine in Fig. 1b is to change the number of 
poles of the stator winding. This has the effect 
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that a constant-frequency supply system, say a 
50-cycle supply, will produce a rotational field of 
an angular velocity in relation to the number of 
poles in the stator winding. 

Two or more separate stator windings provided 
in the motor can alternatively be connected to 
the supply, causing the rotor, usually an induction- 
motor rotor, to revolve at corresponding speeds. 

Instead of providing two or more different stator 
windings, it is also possible to change the con- 
nections of one and the same winding to alter the 
number of poles. 

Frequently combinations of the two systems are 
used to obtain more than two speeds, but only a 
limited number of fixed speeds can be obtained by 
pole changing, and stepless speed variation is not 
possible with this system. 


Speed Adjustment by Changing Supply Frequen- 
cy: This speed-adjustment method, like the previ- 
ous technique, is only applicable to ac motors, 

By driving a dc-excited alternator at different 
speeds, a voltage varying in proportion to magni- 
tude and frequency is produced in the ac alternator 
winding. In Fig. 8a, such an alternator is driven 
by a de adjustable-speed motor with field regula- 
tion, so that the induction motor (or motors) 
supplied by the alternator will change their speed 
in accordance with its frequency, which is propor- 
tional to the speed of the motor-alternator set. 
This system allows squirrel-cage induction motors 


Three-phase adjustable- 


supply ' 
Fig. 8 — Adjustable- 


frequency method of 
changing speed in in- 
duction motors. A dc 
drive motor is used to 
drive the alternator in 
system @ whereas an 
ac N.S. shunt com- 
mutator motor is ap- 
plied in 5. 
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to be used, for instance, on individual roller-table 
drives in steel mills where only a de power supply 
is available, instead of applying a large number of 
small de motors fed from a Ward-Leonard or posi- 
tive-and-negative booster set to the individual roll- 
ers. 

If the general rotating electric machine equipped 
with slip rings is driven at a speed different from 
its synchronous speed and its stator or rotor wind- 
ing is connected to a constant-frequency system, 
the secondary winding will generally produce a 
voltage of a different frequency which can be util- 
ized to feed induction motors. 

By changing the speed of this frequency changer, 
the frequency produced by its secondary winding 
is also changed, Fig. 2b, and the speed of the in- 
duction motors supplied from the frequency chang- 
er varied accordingly. 

This system is practical only if ac power is avail- 
able; Fig. 8b shows an example of such a fre- 
quency changer driven by an ac variable-speed 
N.S. shunt motor. 

This, and similar arrangements, have found their 
application where high speeds are required at the 
final motor shaft, and where it was found to be 
easier to construct a squirrel-cage motor for these 
high speeds than a commutator machine either of 
the ac or de designs. 

A simple, economical, and more efficient system 
of adjustable-frequency drive has been developed 
by using the general machine, which is physically 
an ac shunt commutator motor with the addition 
of slip rings, as an adjustable-speed self-propelling 
frequency converter, Fig. 9. This drive system, 
disregarding the induction motor connected to its 
slip rings, functions exactly in the same way as a 
light-running ac shunt commutator motor as shown 
in Fig. 4d. The speed is adjusted by rotor-voltage 
regulation by means of the induction regulator. 

As will have become amply clear from the de- 
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scription of the behavior of the general machine, 
the frequency appearing at the slip rings on the 
rotor winding of the unit in Fig. 9 will vary in 
proportion with the difference between its speed 
and the synchronous speed, Fig. 2b. This adjust- 
able frequency is again utilized to supply one or 
more induction motors which thereby become ad- 
justable-speed motors. 

Since the drive armature functions as a con- 
verter only because the commutator and slip-ring 
currents cancel each other in a way similar to a 
rotary converter, the size and losses of the ad- 
justable-speed drive are small in comparison with 
its output. A most efficient and economical sys- 
tem of conversion of a constant into an adjustable- 
frequency supply is obtained in this way. Since 
any number of motors can be connected to the 
slip rings, simultaneous speed adjustment of squir- 
rel-cage motors over wide speed ranges is possible. 


Summary Remarks 


The problem of commutation has been almost 
completely solved many years ago with de ma- 
chines by the introduction of interpoles which are 
readily applicable only to machines with stationary 
field. This has given the de technique a flying 
start, whereas the commutation of ac machines 
with rotating fields had for many years been an 
obstacle in the way of developing similar systems 
of adjustable-speed ac drives that are usable in 
practice. 

Only with the advent of new arrangements of 
the rotor winding, mainly the development of a 
suitable commutating winding which is parallel 
connected to the main rotor winding, have these 
difficulties been overcome, and the way opened 
to a rapid development of ac adjustable-speed 
drives. Thus, commutation with ac machines is 
no more of a problem today than with de ma- 
chines. 


Fig. 9—An adjustable- 
frequency drive em- 
ploying an ac shunt- 
commutator motor 
which is also designed 
with slip rings. Trade- 
named Speedmaster, 
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ECENT emphasis on features of automatic 
operation in machine drives has focused at- 
tention on the unique and varied possibil- 





























ities offered by epicyclic gear systems with branch oanges aes i. Sees 
control circuits, Fig. 1. However, design and devel- 1) - Geor # 
opment of these systems have been hampered by ) = eee 
difficulties encountered in visualizing required ee ae 
kinematic arrangements for different applications, an me x 
and in predetermining circulating power loads in ee ee ~ — Gear ¢ 
the branch circuit. _- iyue 

Design equations and a method for determining - aus 
the amount of circulating power in epicyclic gear > tee 
systems with branch control circuits were estab- | each (a) 














lished in a previous article.* This article presents 
techniques and design charts for simplified anal- 
ysis of such systems for specific applications. 

The general type of system under consideration me Sett T Geor 
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*H. G. Langhlin, A. R. Holowenko and A. 8S. Iall—‘‘Epicyclic 
Gear Systems, ’’ MACHINE DgSIGN, Vol. 28, No. 6, March 22, 1956, Gear 6 (eA 
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-Geor V Geord | 4 Arm A '~Gear C rym 
 L-Gear = ow 8 = | 
> — — 7 
Nomenclature _| f-—jAdiustable-speed}—_["~Geor & < 
_—] control unit |] ~ 
N = Number of teeth in gear by 
P = Power, hp a - to) a) 
P;, P, = Input and output power, respectively, hp 
P.i, = Circulating power in branch control cir- G) 
cuit, hp Element 1 Differentio! Element 3 & 
Q = Relative velocity ratio, Equation 7 — 
R = Velocity ratio, Equation 2 Branch control Jeamee 2 
r = Velocity ratio, Equation 3 cdjuciatie space | | Fa 
X = Arbitrary relative velocity ratio, Equation 9 ratio) (c) <= 
y = Power ratio, Equation 1 =. 
#» = Angular speed, rpm ' ; : : 7 @ 
@, = Absolute angular velocity of differential Fig. 1—Typical epicyclic gear systems with 
arm (Fig. 2), rpm branch control circuits showing, a, fixed-ratio 3 
«, ® = Angular speeds of input and output mem- gear train in branch circuit, b, adjustable- wn 
bers, respectively, rpm speed unit in branch circuit and, ¢, simplified 
®z, ®, = Absolute angular velocities of differential system diagram for analysis of power flow. 
gears (Fig. 2), rpm 
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is illustrated in Fig. la. Speed ratio of arm, or 
shaft, A and shaft J is influenced by gears N, K, 
E and D in the branch circuit. If the speed ratio 
of gears N and D is varied, speed relationship of 
arm A and shaft J will be affected. 

One method of controlling the speed relation- 
ship of arm A and shaft J is by means of an ad- 
justable-speed unit in the branch circuit, Fig. 1b. 
Flowever, there are practical limitations to such 
drive arrangements. Under certain combinations 
of speed and power, the elements of the branch 
circuit may be subjected to large torques. Re- 
quired capacity of the adjustable-speed unit, from 
the standpoints of both power and range of speed 
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Fig. 2—Simple bevel-gear differential design 
for controlled epicyclic gear systems. Angu- 
lar velocity relationships for this basic ar- 
rangement are given by Equation 6. 
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adjustment, can be determined for any particular 
application from the design charts provided here. 


Design Equations and Charts: In the following 
analysis, effect of friction has been neglected. How- 
ever, efficiency of the system must, of course, be 
taken into consideration in ihe final design. 

A differential transmission having a branch con- 
trol circuit is shown schematically in Fig. 1c to 
establish how the three basic elements 1, 2 and 3 
are defined. Element 3 leaves the differential with 
no external connections, while element 2 is con- 
trolled by means of a branch control circuit con- 
necting elements 1 and 2. Elements 1 and 3 are 
either the main input or output to the differential, 
while a certain amount of circulating power will 
be flowing through element 2. 

The ratio, y, of the power flowing through ele- 
ment 2 to the power flowing through element 3 
for the arrangement shown in Fig. 1a was defined 
in the previous article as 


= we (ws — #1) r (i — Bp 











= (1) 
@3 (w; — 2) “2 
where 
R= = (2) 
w3 
oe oon (3) 
@} 


Symbols are given in the Nomenclature and sub- 
scripts identify individual elements. 
Equation 1 may also be written: 


Table 1—Velocity Relationships 
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Case System Elements Velocity Equation X Q 
Arma Gearz Geary (Eq. 6) 

I 1 2 3 w2 = w + (ws — w) Q Q x 
1 1 

oO 1 3 2 @3 = a + (w2 — o1) Q Q xX 
Q x 

i 2 1 3 @1 = we + (ws — w2) Q Q-1 X-1 
1 z-1 

[Vv 2 3 1 @3 = we + (a; — w2) Q i-@ xX 

Vv 3 2 1 #2 = ws + (@, — w3) Q 1-@Q i-Zz 





@1 = ws + (we — w3) Q 
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Fig. 3—Basic design arrangements for epicyclic gear 
systems with branch control circuits. 
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r=s 
R= y —— +1 
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(4) 

Equation 4 represents a family of straight lines, 
having slopes (r — 1)/r and a common intercept 
of +1 on the RF ordinate when plotted in terms of 
R and y as shown in Design Charts 1, 2, 3 and 4. 
These lines, as plotted on the charts, are constant 
r lines. They can be used, as will be demonstrated 
later, for determining the amount of circulating 
power flowing through the branch control circuit, 
or through element 2 since 


P.ip = Po = y Po (5) 


For the general case of a differential containing 
two rotating gears, which may be interconnected 
by planetary gears carried on an arm, Fig. 2, 
angular velocity relationships are given by the 
vectorial equation, 


a Wa) Q 


where Q is the relative velocity ratio. This ratio 
is defined by 


@, = WP (wy, 


(6) 


(7) 


where »,, and »,, represent angular velocities, rel- 

ative to the arm, of gears x and y, respectively. 
For an epicyclic system of the type shown in 

Fig. la, six specific velocity equations are possible, 

















depending upon which of the three system ele- 
ments, 1, 2 and 3, correspond to members a, x and 
y of the general expression, Equation 6. 

As an aid to analysis, an arbitrary quantity, X, 
will be introduced. This quantity can be readily 
established from any one of the six possible ve- 
locity equations; the following equation has been 
selected arbitrarily for the purposes of this article: 


wg = w + (wg — wo) X (8) 


Thus, by definition (Equations 6 and 7), 


@21 


a = (9) 
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Combining Equations 1, 2, 3 and 9 gives an ex- 
pression for X as a function of R, r, and y: 








Rr 
x=>- (10) 
Y 
From Equation 4 then, substituting for r, 
x 
R= (y + 1) (11) 
i=—1 


Equation 11 represents a family of straight 
lines, having slopes of X/(X—1) and intercepts 
of —1 on the y axis in Design Charts 1, 2, 3 and 4. 
These lines, which are plotted as constant X lines, 
are related to the number of teeth in the gears of 
the differential. 
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Fig. 4—Epicyclic gear sys- 

wee —--+—- —_}--+- tem with spur gear differen- 

r=0.2 f tial. This system offers a 

T=-2.0 A suitable alternate solution 

x =o: GH09 = ol for the design conditions of 
Example 3 and is a modifi- 
cation of the arrangement 
for Case III in Fig. 3. 
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It is now necessary to determine the relationship 
between Q of the general vectorial expression 
(Equation 6) and X for specific epicyclic system 
arrangements. As previously pointed out, there 
are six possible ways of expressing Equation 6 
in terms of elements 1, 2 and 3, depending on the 
function of each of these elements in the specific 
system arrangement. These six cases along with 
the corresponding velocity equations and relation- 
ships between Q and X are given in Table 1. 
Typical system arrangements for each of the cases 
are shown in Fig. 3. 

The relationships between Q and X, Table 1, 
can be readily determined for each case from an 
analysis of the individual velocity equations. From 
Equation 8, it will be seen that Case I was used 
here to define the factor X. Thus, for Case I, 
Q = X. 

Similar relationships can now be established for 
the five remaining cases by rearranging each of 
the velocity equations in the form of Equation 8. 
For example, in Case II the velocity equation be- 
comes: 


1 





@2 = 1 + (wg — 3) 


For Case II then, X = 1/Q or, inversely, Q = 1/X. 
Repeating this procedure for each of the four 
other cases establishes the relationships given in 
Table 1. 

It should be noted that Q is a function of the 
number of gear teeth or train ratio across the dif- 
ferential of the epicyclic system. Also, since X is 
a function of Q for the six system arrangements 
in which the differential may be used, X and Q 
both remain constant for any specific differential 
design employed with a given arrangement. 

To further clarify the design relationship be- 
tween Q and X, it will perhaps be helpful to con- 
sider the typical epicyclic gear system for Case 
I shown in Fig. 3. Here, in accordance with the 
previous definition, the velocity expressions for 
Q and X are equal. In this arrangement, gear B 
is element 2 (Fig. 1c), gear C is element 3 and 
arm A is element 1. Velocity expressions for the 
remaining five system arrangements shown in Fig. 
3 aiso bear out the relationships previously estab- 
lished for Q and X, Table 1. 

It should be noted that for all six cases shown 
in Fig. 3,Q = (No/Ng)(Ny/Np). Also, note that 
Q must be negative for all of these arrangements 
as shown. 

Although a simple bevel gear differential has 
been used for illustration in the foregoing analysis, 
the methods and equations presented here apply to 
any epicyclic gear system with a branch control 
circuit. 


Example 1: Determine the amount of circulat- 
ing power in the branch circuit of an epicyclic 
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gear system. Design conditions are: R = +50, 
®% = #% = 100 rpm, P, = P; = 60 hp,r = +0.01 
and #» = #, = 5000 rpm. 

From Design Chart 4 at the point corresponding 
toR = +50 andr = +0.01, y = —0.495. From 
Equation 5, P,, = —0.495 (60) = —29.7 hp. The 
negative sign indicates that the circulating power 
flows through the branch circuit and into the dif- 
ferential through element 2, since the power flows 
out of the differential through element 3. 


Example 2: Determine speed range and power 
requirements for an adjustable-speed transmission 
in the branch control circuit of an epicyclic gear 
speed-reducer system. Design conditions are: P, = 
P,; = 10 hp; » =, = 3600 rpm (constant); #, = 
#, is to vary from 1800 rpm minimum to 2250 rpm 
maximum; input and output shafts rotate in same 
direction; and minimum speed ratio of the trans- 
mission across the branch circuit is to be limited 
tor = 0.6. 

Design Chart 3 will be used for the solution. 
From Equation 2, R varies from +2 for #, = 1800 
rpm to +1.6 for », = 2250. In Design Chart 3, 
the point corresponding to R = +2 andr = +0.6 
is located. At this point, which represents the mini- 
mum speed condition, y = —1.5. 

It will be noted that this point lies on the X = 
0.8 line. To find the maximum speed condition, 
this constant X line is followed downward and a 
second point is located at R = +1.6. At this point, 
r= 0.7andy = —1.4. 

Thus, speed ratio of the adjustable-speed trans- 
mission in the branch circuit must vary from 0.6 
to 0.7, a range of 1.17:1. From Equation 5, maxi- 
mum and minimum power requirements, P,,, for 
the branch circuit will be 15 and 14 hp, respec- 
tively. 


Example 3: Determine basic design details and a 
suitable system arrangement for an epicyclic gear 
speed reducer in which the circulating power is 
to be twice the output power. Design conditions 
are: w,/w, = R = 9, and input and output shafts 
rotate in same direction. 

Design Chart 2 will be employed for the solution. 
From this chart, it will be seen that both r and X 
can have either of two values, depending on wheth- 
er design is based on y = —2.0 ory = +2.0. The 
former value, y = —2.0, will be used here. From 
Design Chart 2 then, r = +0.2 and X = +0.9. 

A suitable epicyclic gear arrangement can now 
be selected. Since r is positive, elements 1 and 2 
must rotate in the same direction. Similarly, since 
R is positive, elements 1 and 3 must rotate in the 
same direction. Also, since X is positive, the ratio, 
@5,/3,, must be positive. 

Thus, for all of the system arrangements shown 
in Fig. 3, the value of Q is negative. As a result, 
the four arrangements shown for Cases I, II, V 
and VI cannot be used here because it would be 
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impossible to obtain a negative value of Q for X = 
+0.9. However, either of the other arrangements, 
Cases III and IV, would be suitable. For Case III, 
Q = —9, and for Case IV, Q@ = —1/9. 

If the system arrangement for Case III is se- 
lected, the following design conditions, with ele- 
ments 1 and 2 rotating in the same direction, must 
be satisfied: 





NpN 
= — * =02 
Ng Ny 
No N 
g=—““ = 19 
Noe Ne 


The following tooth numbers will satisfy these con- 
ditions: N; = 21, Np = 21, Ng = 42, Ne =18, 
Ny = 45, No = 45, Ne = 15, Nu = 45 and Nez = 
15. Teeth of different pitch must be used in the 
gears of the differential to satisfy dimensions. 
Another system arrangement, which employs a 
spur gear differential and will also satisfy the 
original design conditions, is shown in Fig. 4. 


Example 4: Determine the required speed ratio 
range of an adjustable-speed transmission to be 
used in the branch circuit of an epicyclic gear 
system. Design conditions are: Input speed (#, = 
~,) is to be held between 0.18 and 0.22 times the 
output speed (w, = w,); input and output shafts 
rotate in the same direction; and P,,, is to be lim- 
ited to 0.34 times the output power (P, = Ps). 

From Equation 2, R varies from +0.18 to +0.22. 
From Equation 5, y = +0.34 maximum. Then 
from Design Chart 3, at the point corresponding 
to the high input speed condition of R = +0.22 
and y = 0.34, X = —0.2 andr = +0.3. Since X 
is constant for a given differential design, a second 
point for the low input speed condition can be 
found along the X = —0O.2 line at R = +0.18. 
At this point, r = 0.1 and y = 0.1. 

Thus, the adjustable-speed transmission should 


provide a speed ratio range of 3:1, from r = 0.1 
tor = 0.3. 


Example 5: Determine design characteristics of 
an epicyclic gear reduction system in which the 
branch circuit is to be used to test machine ele- 
ments under a load of 300 hp with a system power 
source of 10 hp. 

From Equation 5, y = 30. A value of R 10 
will be assumed. From Design Chart 1, at y 30 
and R = 10, X = —05 andr = +1.5. These 
values are only approximate. For more exact re- 
sults, the equations will have to be used. From 
Equation 4, r = 1.43. From Equation 10, X = 
— 0.477. 


Example 6: Determine basic design details for an 
epicyclic gear speed changer having an adjustable- 
speed transmission across the branch circuit. De- 
sign conditions are: P,, is to be limited to 0.1 P, 
and »; may vary from 90, to 110»,. 

Design Chart 4 will be used for the solution. 
From Equation 2, R may vary from +90 to +110. 
From Equation 5, y may have values of +0.1 or 
—0.1. Since X remains constant for a given dif- 
ferential, the relationship of the different vari- 
ables may be readily established by examination of 
Design Chart 4. When R = +90 and y = —0.1, 
X = 1.01 approximately and r is approaching zero. 
For exact results the equations will have to be used. 
From Equation 4, r = 0.001125. From Equation 
10, X = +1.01. Similarly, when R = 110 and y = 
+0.1, r = —0.000918 and X = +1.01. 

Thus, the required speed range for the adjust- 
able-speed transmission across the branch circuit 
will be 0.001125/—0.000918 = —1.225:1. An auxil- 
iary gear train in the branch circuit will be neces- 
sary to provide the extreme velocity ratios of r = 
0.001125 and r = —0.000918. In this example, it 
should be noted that r and y change sign in passing 
through zero. 
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Improved Paper Cutter 


An elongated light bulb installed below the cut- 
ting edge of a paper cutter will improve cutting 
accuracy. The shadow cast on the print or paper 
to be cut allows very accurate alignment of cutting 
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edge and the cutting line.—FeLIx A. KurtuH, North 
Wales, Pa. 


Pencil Holder 


An automobile distributor cap can serve as a 
very convenient pencil holder. Caps from six-cyl- 
inder engines will hold seven pencils. Those from 
eight-cylinder engines will hold nine. To increase 
convenience the cap may be mounted to rotate. 
Each hole could be marked for a particular weight 
of lead. The holder may be painted any color.— 
CHARLES H. DERN JR. Philadelphia, Pa. 
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for clutches and brakes 


ETAL-CERAMIC friction ma- 
terials are, as the name im- 
plies, compositions of metal and 
ceramic particles. In developing 
such a material for use in heavy- 
duty clutch and brake applications, 
Bendix has found that certain 
characteristics are desirable. 
A good friction material should 
have all of the following proper- 
ties: 


1. Adequate mechanical strength 
through all operating tempera- 
tures. 

2. Temperature and thermal shock 
resistance. 

3. High heat-absorbing capacity, 
i.e., high specific gravity, spe- 
cific heat, and thermal conduc- 
tivity. 

. High and consistent coefficient 

of friction. 

Low wear rate. 

. Smooth engaging characteristics. 

. Compatibility with mating sur- 
faces, i.e, minimum galling, 
wear, or heat checking. 

8. Nonfusibility with opposing sur- 
face. 

9. Noncombustibility. 


a 


Ao on 


To compare any friction mate- 
rials all of the properties listed 
must be considered. 


Mechanical Strength: Strength, 
particularly high - temperature 
strength, is often the most critical 
problem for two reasons: 


l. The stresses imposed during use 
are normally quite high, and a 
wide range of temperatures is 
encountered. 

2. To obtain sufficient strength 
within the friction materials, the 
range of usable constituents is 
severely restricted and strength 
is normally obtained by sacrific- 

ing desirable friction properties. 
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Metal-ceramic lining minimizes 
the strength problem by design as 
shown in Fig. 1, and by the use of 
metallic matrix materials. The 
use of a restraining member mini- 
mizes the strength necessary in 
the friction material and allows 
the use of materials such as ceram- 
ic friction - producing additives 
which normally weaken the mate- 
rial and cause brittle failure. 

The metallic matrix or binder is 
ideal from a strength standpoint. 
Since it forms around the ceramic 
grains and retains these grains in 
a friction-producing position, its 
strength is not permanently de- 
stroyed by high temperatures as 
in resin-bonded lining, and it co- 
operates with the ceramic material 
so that the high-temperature 
strength properties of the result- 
ing compositon are superior to the 
metal alone. 


Thermal Shock Resistance: Fric- 
tion materials, to be considered 
temperature and thermal shock re- 
sistant, must be able to resist: 


1. Mean or soaking temperatures 
without structural change. 





By W. H. DuBois 


Bendix Products Div. 
Bendix Aviation Corp. 
South Bend, Ind. 


2. High localized surface tempera- 
tures without permanent de 
terioration. 

3. Repeated high temperature grad- 
ients without cracking due to 
thermal shock or thermal fa- 
tigue. 

Metal and ceramic materials 
used in metal-ceramic lining are 
selected specifically to meet these 
rigid thermal requirements. No 
structural change occurs due to 
mean temperatures obtained dur- 
ing use because the lining is “heat 
treated” during processing at high- 
er temperatures than the soaking 
temperatures normally encountered 
during use. 

Although some surface damage 
may occur due to high localized 
temperatures, no permanent dam- 
age occurs which would jeopardize 
the future operation of the fric- 
tion member, In fact, surface 
changes due to high temperatures 
normally improve the friction sta- 
bility and wear properties of the 
material. 

Since the metal is the continu- 
ous or bonding phase, the thermal] 
shock properties of metal-ceramic 
lining are excellent. Surface 





Metal— ceramic facings —" 




















Fig. 1—Typical design for a metal-ceramic friction ma- 
terial mounted in a restraining member. 
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cracks occasionally occur in the 
glaze formed on the surface, but 
no structural damage or detri- 
mental effect on lining life has ever 
been attributed to these cracks. 


Heat Absorption: High heat-ab- 
sorbing properties are desirable in 
a friction material so as to provide 
a larger heat reservoir to maintain 
lower temperatures in the friction 
device. This principle can be ap- 
plied only to lining which is heat 
resistant because higher mean lin- 
ing temperatures will be obtained 
when using the lining as a heat 
reservoir. 


The heat-absorbing properties of 
metal-ceramic lining are superior 
to those of organic bonded lining 
since the specific heat, specific 
weight and thermal conductivity 
are all higher. Conventional me- 
tallic facings have similar heat-ab- 
sorbing properties, but their more 
limited heat resistance reduces 
their effectiveness as a heat reser- 
voir. 


Coefficient of Friction: A high 
coefficient of friction is desirable 
in most lining applications, and a 
consistent coefficient is essential 
for good performance in any 
clutch or brake. A very consistent 
coefficient of friction with increas- 
ing temperatures is produced by 
proper selection of a ceramic ma- 
terial aided by the heat-resistant 
properties of metal-ceramic lin- 
ings. Fade characteristics at high 
temperatures are superior to any 
of the conventional organic or 
powdered-metal lining materials. 
The curve of coefficient of friction 
vs. surface temperature, Fig. 2, 
gives a general comparison be- 
tween metal-ceramic lining and or- 
ganic linings. These curves are 
average values obtained from but- 
ton tests conducted at Bendix on 
many best-grade organic mate- 
rials. 

In some applications metal- 
ceramic lining has been found to 
have lower friction values at high 
normal loads (above 150 psi). 


However, in most of these applica- 
tions the lower coefficient of fric- 
tion has been corrected by a 
change in lining composition. 
Although metal-ceramic friction 
materials tend to have a decreas- 
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Fig. 3—Variation of wear rates of organic and metal- 
ceramic facings with changes in temperature. 





ing coefficient of friction with re- 
peated applications due to a glaze 
formation on the surface, this 
problem has been largely eliminat- 
ed by a development of ceramic 
materials and additives to control 
the glaze formation. 


Wear Rate: Low wear rate, of 
course, is an essential property of 
all friction materials. In actual 
experience with metal-ceramic lin- 
ings, the wear life has been ex- 
tended from three to ten times 
over conventional linings. The 
good wear characteristics of this 
lining can be attributed to a num- 





ber of factors: 


1. Superior high - temperature 
strength property previously dis- 
cussed. 


2. Glaze formation which normally 
occurs on the surface of the lin- 
ing. 

3. Unique properties of the hard, 
wear-resistant ceramic particles 
imbedded in the metallic matrir. 


The good, low wear rate ob- 
tained with metal-ceramic lining at 
elevated temperature is compared 
to a conventional organic lining in 
Fig. 3. These curves are also av- 
erage values obtained from test- 
ing a number of different linings 
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on the button tester. 

Glaze formation on the surface 
of the lining affects all of the fric- 
tion properties, but it is particu- 
larly desirable in reducing the 
wear of the friction article. Con- 
trol of the glaze composition of 
properties has been a major factor 
in developing this type of lining. 
Compositions have been developed 
which will promote glaze forma- 
tion and control its effects on fric- 
tion properties for most of the con- 
ditions encountered in clutches 
and brakes. The wear rate is also 
controlled to a large extent by the 
amount of ceramic material incor- 
porated in the lining. 

The use of almost any hard, re- 
fractory ceramic material will ac- 
complish the wear reduction men- 
tioned above. However, to obtain 
the other desirable friction proper- 
ties, selection of the specific ceram- 
ic material is much more critical. 
The ceramic material and addi- 
tives used to control the glaze 
formation, as previously men- 
tioned, can be selected to control 
torque - velocity characteristics, 
which have an important bearing 
on the engaging characteristics. 
The torque-velocity characteristic 
of metal-ceramic lining is affected 
by different operating conditions, 
but in most cases a uniform torque 
with decreasing velocity can be ob- 
tained by proper selection of lining 
composition. 

Uniformity of torque, particu- 
larly near the zero slip velocity, 
is often very important in the pre- 
vention of chatter in the brake or 
clutch. Where the friction device 
requires operation to a full zero 


slip velocity condition, it is usually 
necessary to have the static and 
dynamic coefficient of friction as 
close to the same value as pos- 
sible. If this is not done, a slip- 
stick phenomenon may occur to 
produce squeal and chatter. This 
condition is particularly trouble- 
some where such resulting torque 
variations harmonize with the nat- 
ural frequency of the friction de- 
vice and its mounting. 


Engaging Characteristics: The 
rigid nature of metal-ceramic lin- 
ing, particularly at higher tem- 
peratures, may promote more ag- 
gressive engaging characteristics 
caused by irregularities at the 
friction surfaces than will the more 
resilient organic bonded lining. 
However, by control of torque 
characteristics through lining com- 
position and proper design of the 
friction device, good engaging 
characteristics have been obtained 
in many applications of metal- 
ceramic linings. 


Mating Surfaces: Good mating- 
surface conditions with any lining 
imply: 

1. No galling or transfer of lining 

material. 

2. Minimum and uniform wear. 


3. Minimum heat checking due to 
high surface temperatures. 


Galling of the opposing surface, 
which was initially a problem with 
metal-ceramic lining, has been 
largely eliminated by the develop- 
ment of compositions which will 
glaze at their surface and prevent 
transfer of the matrix metal to 
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the opposing surface. However, 
the glaze formed on the surface is 
hard and, unless used against a 
similarly hard material, can cause 
wear of the opposing surface. This 
wear is normally uniform and pro- 
gresses at a slow rate, and the ad- 
vantages obtained by reducing 
heat checking are often more im- 
portant than the wear created by 
metal-ceramic lining. The opti- 
mum opposing-surface materials 
for use with metal-ceramic lining 
have not definitely been estab- 
lished, but in general _high- 
strength cast iron and hardened 
steel have been found more desir- 
able than lower-strength materials. 

The cup or restraining member 
used with metal-ceramic lining 
has caused grooving in some ap- 
plications. However, proper selec- 
tion of the cup material and lining 
composition has minimized this ef- 
fect so that it is not objectionable 
in view of the other desirable lin- 
ing characteristics. 


Nonfusing Surfaces: One of the 
most essential properties of a high- 
temperature friction material is 
the complete absence of any tend- 
ency to weld or fuse to the oppos- 
ing surface, regardless of any over- 
load or abusive condition imposed 
in service. High ceramic content 
and good heat-resisting properties 
of metal-ceramic lining preclude 
this possibility. 

From a paper entitled “Cerame- 
tallic Friction Material” presented 
at the SAE National Tractor Meet- 
ing in Milwaukee, September, 1956. 





Principles of psychological testing in 


Selecting Engineering Personnel 


By J. M. Parish 


Dow Chemical Co. 
Midland, Mich. 


SYCHOLOGICAL tests _ pre- 

pared by qualified professional 
psychologists are reliable and de- 
serve high rank in an employee- 
selection program. On-the-job per- 
formance is improved when the 
supervisor has available, and un- 
derstands, the test results of each 
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individual he supervises. All super- 
visors should receive competent 
instructions in the use of such test 
results. These tests alone are in- 
sufficient basis for selection and 
assignment of personnel, but, used 
in proper combination with other 
factors, they yield gratifying re- 


sults. Tests only implement; they 
do not supplant the interview or 
the weighted application form. 

Above all, tests cannot and must 
not replace the right and responsi- 
bility for management to decide 
whom it will hire. Tests must not 
be a scapegoat, an instrument for 
avoiding the responsibility of hir- 
ing. 


Selecting the Right Test: The 
right program differs among com- 
panies and perhaps even among 
the component departments of the 
companies, depending upon the 
qualities considered to be most im- 
portant in the given tasks. A test 
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is good if, through its use, the 
company is able to pick more 
“right” men and eliminate more 
“wrong” ones for the jobs avail- 
able. 

In general, if an organization 
decides that it is desirable to set 
up a testing program, and deter- 
mines what are the chief problems 
it intends to solve, it will want to 
try out a number of likely tests 
to see which will prove most use- 
ful. Test consultahts, after review- 
ing the particular needs of the 
organization, can best suggest the 
test to be considered. 

Applicants are tested by person- 
nel department staff. Completed 
tests are sent outside the com- 
pany to psychometricians for scor- 
ing. Results are interpreted by 
psychologists, who then make rec- 
ommendations regarding selection 
and placement. This information is 
returned to the personnel depart- 
ment, through which it becomes 
available to the departments which 
might be interested in the services 
of the applicant. 

To be successful, a testing pro- 
gram must be understood and en- 
dorsed by many people within a 
department or company. Super- 
visors and department heads must 
be sold on the program. 


Training of Supervisors: Under- 
standing the program does not re- 
quire knowledge of psychology to 
the extent studied by the profes- 
sional psychologist. But it is de- 
sirable—a necessity, in fact—that 
supervisors of every level under- 
stand sound fundamentals of hu- 
man relations and _ motivation. 
Training of supervisors should in- 
clude indoctrination in these prin- 
ciples: 


1. Objectives of the individual em- 
ployees and those of the depart- 
ment can be mutually realized 
through proper courses of ac- 
tion. 

2. Ability to produce, or effective 
know-how, is the major deter- 
mining factor of success of the 
individual. 

3. Performance is effective only 
when people have the will to put 
their potentialities to work. 

4. Progress is attained when people 
have the desire to become bet- 
ter—to improve their services, 
methods, costs, knowledge, and 
all other areas of import. In- 
novation and creativity are es- 
sential. 

5. Building a more effective or- 
ganization of workers is a proc- 
ess—it must always be a mat- 
ter of “becoming.” 

6. Each individual is different due 
to his unique combination of 
natural mental aptitudes and 
temperamental qualities, in con- 


junction with his developed 
habits, attitudes, skills, and 
knowledge. 


7. Each employee has certain nat- 
ural inclinations. 

8. The environment has consider- 
able influence upon his motiva- 
tions and values. The “climate” 
which impinges upon the work- 
er in his industrial society thus 
strongly influences the demands 
he makes upon his work. 

9. Man, by nature, is gregarious or 
group-minded, as well as _ indi- 
vidualistic. Most of his basic 
needs and wants can be real- 
ized only through participation 
in group actions. 


Interpreting Test Results: Psy- 
chological tests are used to meas- 
ure the degree of certain human 
qualities present in a person and 
are employed as an implement to 
substantiate or invalidate other in- 





dications predicated upon observa- 
tion, previous performance, or 
other frames of reference. 

It should be emphasized that al) 
practices utilized in original selec- 
tion of people are directed toward 
gaining an understanding of the 
applicant, and are not solely for 
the purpose of collecting informa- 
tion about him. 

Psychological tests are designed 
to measure the qualities of intelli- 
gence, aptitudes, skills, interests, 
and temperamental make-up of 
people. These instruments have 
been carefully constructed, validat- 
ed, and standardized, in order to 
assure reasonably valid, reliable, 
and comparable results. The nature 
of human qualities and tests as 
tools of measurement introduce an 
element of error in measurement, 
and the results are most properly 
interpreted when considered in 
terms of ranges or relative de- 
grees. 

Perhaps the most critical matter 
of all concerns the personnel op- 
erating the program. Tests are no 
better than the personnel inter- 
preting them. Fully qualified psy- 
chologists with PhD degrees are 
rare—it has been estimated that 
less than 300 psychologists out of 
7300 members of the American 
Psychological Association have spe- 
cialized in industrial psychology. 
However, there is no reason why 
someone with fewer qualifications 
cannot do a satisfactory job. As 
a minimum, he should know tests, 
be familiar with industrial prob- 
lems, and be able to work with 
others. 

From a paper entitled “Psycho- 
logical Tests in an Engineering De- 
partment” presented at the ASME 
Petroleum-Mechanical Engineering 
Conference in Dallas, Texas, Sep- 
tember, 1956. 





Controlling Induction Motors 


with saturable reactors 


By P. L. Alger 
General Electric Co. 
Schenectady, N. Y. 


PEED of an induction motor can 
be maintained precisely at any 
desired value by placing saturable 
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and 
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reactors in series with the motor 
windings and holding the direct 
current in the reactors (and, there- 


Philadelphia, Pa. 


fore, the motor voltage) at the 
appropriate value with a feed-back 
control circuit. For small changes 
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Quick facts for those who apply and specify electric motors 





Flexibility of Design Aids Motor Applications 


When they originally embarked upon 
the program of developing the basic 
Series 100 motor design for the new 
rerated frame sizes, Howell engineers 
set goals considerably above and be- 
yond the requirements of the NEMA 
specifications. Among them, “max- 
imum flexibility’’ of design was 
achieved to a degree that is outstand- 
ing in the motor industry . . . and 
that directly benefits machine designers 
who utilize standard motors. 


Involved is not only unusual flexibility 
of positioning and lead connections, 
but a ready interchangeability of the 
five basic enclosure types within each 
frame size. 


DESIGNED FOR MOUNTING IN ANY 





Fan-Cooled 


Totally Enclosed | 


Open Drip-Proof Splash-Proof 





OF SIX POSITIONS 


wy 
wy) | 
| 
| 
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As illustrated by the diagrams above, 
Howell Series 100 Open Drip-Proof 
motors can be side-wall or ceiling 
mounted simply by revolving the end 
plates. The other four basic enclosure 
types do not even require this sim- 
ple change. 











SHAFT DOWN SHAFT UP 
Series 100 Totally Enclosed Fan- 
Cooled motors — in fact all of the five 
enclosure types — can also be mounted 
shaft down or shaft up with no modi- 
fication in design required. 
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motor cooling, with “heat source” 


job requirements. 





FIVE BASIC SERIES 100 ENCLOSURES HAVE SAME DIAMETERS, 
SHAFT AND MOUNTING DIMENSIONS — Unlike many other motors, the 


basic Howell Series 100 enclosures do not vary in diameter (or any of the 
essential mounting dimensions, except length) from one type to another 
(except a few 2-pole ratings). This is because of the way Howell accomplishes 
ventilation ducts in the stator itself . 

not by enlarging Totally Enclosed Fan-Cooled or Explosion-Proof frame 
diameters. This uniformity simplifies space allocations for the machine 
designer and allows for interchangeability of enclosure types to meet varying 
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BOX EASILY ROTATED 
FOR 4-WAY HUB LOCATION 


Series 100 conduit boxes are mounted 
to the frames with 4 screws, accessible 
for easy rotation of the box so that 
the integral, threaded nipple takes 
conduit from any of four directions. 








CONDUIT BOX LOCATES 
TO FIT ANY REQUIREMENTS 


For further flexibility, a simple modi- 
fication can be specified for position- 
ing of the conduit box in any of three 
positions around Series 100 frames. 


GET COMPLETE DETAILS 
WRITE FOR BULLETIN N-100-R 








PRECISION-BUILT MOTORS 


Circle 560 on page 19 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


FOR INDUSTRY SINCE 1915 
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DESIGN ABSTRACTS 











from full speed, and when the 
torque required at low speeds is 
relatively small, squirrel cage mo- 
tors may be used, with the reac- 
tors in the primary circuit. For 
large changes in speed, and when 
high torques at low speeds are re- 
quired, wound-rotor motors with 
secondary resistors may be used, 
and the reactors may be placed 
in either the primary or the sec- 
ondary circuit. In the latter case, 
good performance can be obtained 
over a wide speed range by em- 
ploying a secondary reactor-resis- 
tor network. When braking, or re- 
versed-torque operation, is re- 
quired, two independent primary 
windings, with either the same or 
a different number of poles, con- 
trolled by independent reactors, 
may be used. By combinations of 
these schemes with contactors to 
change the connections when need- 
ed the speed-torque performance 
of a direct-current shunt motor can 
be substantially duplicated, al- 
though the induction motor effi- 
ciency will usually be lower and 
its heating greater. 


Alternative Methods: If a typical 
single-winding induction motor 
with a low-resistance secondary, 
driving a fan, is connected to the 
power system through saturable 
reactors, the speed-torque curves 
that can be obtained are as shown 
in Fig. 1. With the reactors fully 
saturated, the motor torque follows 
curve A, with a high maximum 
torque and a very small full-load 
slip. If the external reactance is 
increased, the maximum torque of 
the motor falls, and the speed at 
which maximum torque occurs rises 
proportionally, so that the speed 
at full-load torque decreases very 
little, as shown by curve B. When 
the primary reactance is increased 
to such a high value that the max- 
imum torque is less than the full 
load torque, the motor speed falls 
rapidly, and the motor operates on 
the unstable side of the torque 
curve, as shown by curve C. 

Even though stable operation 
may be secured with this arrange- 
ment, by means of feed-back con- 
trol, the performance of the mo- 
tor at low speed will be unsatis- 
factory, because the reactors re- 
quired for control are large, the 
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Fig. 1—Speed torque curves for induction motor driving 
a fan with reactor speed control. 











motor power factor is always less 
than 0.7, and a highly developed 
circuit is required for accurate con- 
trol of the speed. For these rea- 
sons, applications such as fan 
drive, which require very small slip 
at the highest torques, should have 
the control reactors placed in the 
secondary circuits. 

However, for such applications 
as bridges and hoists, which re- 
quire high torques at low speeds 
and braking, and which can per- 
mit a slip of 10 per cent or more 
at full-load torque, the primary 
reactor control is quite suitable. 
Of course, the efficiency of the 
system is always a little less than 
the ratio of the operating speed 
to synchronous speed, just as for 
any wound-rotor motor, so that 
the scheme is not suitable for ap- 
plications requiring continuous op- 
eration at low speeds, unless the 
high power losses are permissible. 


Summary: By means of Ampli- 
stats, feed-back control circuits, 
and saturable reactors, a standard 
wound-rotor motor can give ad- 
justable constant-speed perform- 
ance similar to a Ward Leonard 
de drive, over the complete range 
from +100 to —100 per cent of 
normal torque. The kva rating of 
the primary reactors required to 
give this performance is roughly 
80 per cent of the kva rating of 
the motor. However, differences in 
normal current densities, tempera- 
ture rises, and methods of rating 
for motors and for reactors make 





an exact statement of the require- 
ments difficult. 

The underlying idea in this de- 
velopment is to assemble essen- 
tially standard parts, motors, re- 
actors, resistors, etc., to form a 
speed-control system, instead of 
using such limited-purpose devices 
as eddy-current clutches, ac com- 
mutator motors, etc. By providing 
taps on the reactors and resistors, 
adjustments can readily be made in 
the field to suit special or changing 
requirements. And equipment of 
large size, rated in hundreds of 
horsepower, may be provided in 
less time and with less risk than 
if other methods of obtaining step- 
less speed control are employed. 
However, efficiency considerations 
limit the use of the reactor speed 
control to applications where the 
operation is intermittent, or high 
torque is needed over only a mod- 
erate speed range, or where the 
power losses are not an important 
characteristic. 

A noteworthy feature of the 
dual-winding reactor speed control 
is that it provides automatic brak- 
ing (by “plugging” the motor) to 
bring the speed down promptly to 
a desired lower value or to rest 
without overshoot, as well as pro- 
viding high accelerating torque to 
bring the motor promptly to a 
desired higher speed. 

From a paper entitled “Speed 
Control of Induction Motors Using 
Saturable Reactors” presented at 
the AIEE Fall General Meeting 
in Chicago, October, 1956. 
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TORRINGTON SPHERICAL ROLLER BEARINGS 


Land-riding cages for longer life! 


These fully machined cast-bronze, land-riding cages—one for 
each path of rollers—are important performance builders in 
TORRINGTON’S Spherical Roller Bearings. The one-piece retainers 
keep the rollers perfectly aligned at all times, even under con- 
ditions of shock load and sustained speeds. Lubrication is more 
effective, too, as the lubricant has easy access to vital points of 
contact between rollers and races. 

This feature is typical of TORRINGTON’Ss design, made possible 
through long experience in serving industry with the finest in 
precision bearings. That’s why it pays to look to TORRINGTON 
first when your application calls for Spherical Roller Bearings. 
They’re available from stock with either straight or tapered 
bore, for shaft or adapter mounting. 


146 Circle 562 on page 19 


THE TORRINGTON COMPANY 


South Bend 21, Ind. . Torrington, Conn. 


District offices and distributors in principal cities of 
United States and Canada 


TORRINGTON 
BEARINGS 


Spherical Roller + Tapered Roller «+ Cylindrical Roller 
Needie + Ball + Needle Rollers 
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Checks & Tags 
Where, when and how to use metal 
checks, tags, plates, signs, badges and 
similar items for identifying prod- 
ucts is explained in comprehensive 
catalog “Checks & Tags by Mat- 
thews.” Typical types and sizes are 
shown. Fourteen multi-page bulletins 
are bound in single book. Jas. H. 

Matthews & Co. 
Circle 401 on page 19 


Power Transmission Equipment 
Condensed catalog 1200 on power 
transmission equipment contains de- 
sign data on nonlubricated flexible 
couplings, variable speed pulleys, 
wide variable speed belts and sheaves, 
variable speed transmissions, adjust- 
able motor bases and universal joints. 
Sizes and ratings are given. 12 pages. 
Lovejoy Flexible Coupling Co. 
Circle 402 on page 19 


Stampings & Drawings 
Information that will simplify spe- 
cifying and ordering stampings and 
deep drawings is found in illustrated 
bulletin PM-3. How difficult design 
problems were solved is shown, along 
with examples of parts produced. Fa- 
cilities are outlined. 6 pages. Stanley 
Works, Stanley Pressed Metal Div. 
Circle 403 on page 19 


Milling Spindles 
Motorized spindles with infinitely 
variable speed in sizes up to 200 hp 
and independent drive spindles up to 
60 hp are described in illustrated bul- 
letin C15. Use is for milling, boring, 
routing and drilling. Specifications 
for these products, plus slides and 
feeds, are given. 6 pages. Standard 

Electrical Tool Co. 
Circle 404 on page 19 


Socket Screws 
Complete line of socket head cap 
screws made of alloy or stainless 
steels in sizes from No. 4 to 1% in. 
and microsizes from No. 0 to 3 is 
described and illustrated in folder. 
Also covered are Dryseal pressure 
plugs and hex socket screw keys. 4 
pages. Cleveland Cap Screw Co. 
Circle 405 on page 19 


Hydraulic Valves 
Solenoid controlled and panel 
mounted hydraulic valves rated at 
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3000 psi are described in illustrated 
catalog 261. Features of construction 
and operation are shown in cut-away 
views, piston designs, spools, JIC 
symbols and interchangeability of 
parts. 8 pages. Rivett Lathe & Grind- 
er, Inc. 

Circle 406 on page 19 


Centrifugal Fans 
Airfoil centrifugal fans for heavy 
duty industrial applications are de- 
tailed in illustrated catalog 4824. 
Several possible volume control meth- 
ods are evaluated and brake horse- 
power curves for four methods are 
included. Volumes range up to 1 mil- 
lion cfm. 8 pages. American Blower 
Corp. 
Circle 407 on page 19 


Contract Manufacturing 
Available services for design, de- 
velopment and manufacture of screw 
machine products and cold upset 
parts are outlined in folder. Diverse 
types of products made are shown. 
Listed are secondary operations avail- 
able and machine capacities. 4 pages. 
Chicago Screw Co. 
Circle 408 on page 19 


Electrical Tapes 
Scotch electrical tapes for motor 
construction and repair are subject 
of illustrated catalog E-MCB. Prop- 
erties of various tapes and typical ap- 
plications are detailed. They have 
standard and thermosetting types of 
pressure-sensitive adhesives. 12 pages. 
Minnesota Mining & Mfg. Co. 
Circle 409 on page 19 


Recording Oscillograph 
Precise means of recording static or 
dynamic data is provided by the type 
5-114 recording oscillograph, iilus- 
trated in descriptive bulletin 1500D. 
Its features, applications, specifica- 
tions and accessories are detailed. 
Supplement gives prices. 16 pages. 
Consolidated Electrodynamics Corp. 
Circle 410 on page 19 


Roller Chain & Sprockets 

Stock drives, drive chain, conveyor 
chain, installation and maintenance, 
lubrication, sprocket wheels, casings 
and chain tighteners are but a few 
of the subjects covered in Manual 
No. 2457 on precision steel roller 


chain and sprocket wheels. Data to 
aid in designing drives are presented. 
148 pages. Link-Belt Co. 

Circle 411 on page 19 


Clutches & Transmissions 
Illustrations and brief descriptions 
of a variety of automatic clutches 
and transmissions are included in bul- 
letin 56-D-1. Clutches are for use on 
% to 3%, 4 to 8% and 10 to 25-hp 
gasoline engines. Transmissions are 
for use on 1 to 20-hp engines. 4 
pages. Salsbury Corp. 
Circle 412 on page 19 


Glass-to-Metal Seals 
“Steels for Glass-To-Metal Seals” 
is title of technical manual on five 
steels which are utilized for applica- 
tion and design of glass-to-metal 
seals. Seals are used in headlights, 
electronic tubes and other equipment. 
4 pages. Allegheny Ludlum Steel 
Corp. 
Circle 413 on page 19 


Instruments & Components 
Catalog C-703 introduces such new 
Berkeley instruments and compo- 
nents as Ferristors, decimal counters, 
time interval meters, nuclear scalers, 
and nuclear automatic sample 
counters; computers and computer- 
quality control system components; 
and systems for data reduction, han- 
dling and logging. 8 pages. Beck- 
man Instruments Inc., Berkeley Div. 
Circle 414 on page 19 


Drawn Welded Tubing 
Sizes ranging from 0.0625 to 2.5- 
in. OD are available in Weldrawn 
tubing in nine types of stainless 
steels, Monel, Hastelloy C. Nichrome 
V, beryllium copper, Constan, nickel 
irons and unalloyed titanium. Anal- 
yses, tolerances and design data are 
given in Memorandum No. 2. 3 pages. 
Superior Tube Co. 
Circle 415 on page 19 


Totally-Enclosed Motors 

Design and performance informa- 
tion on % to 30-hp NEMA rerated 
and 144 to 100-hp nonrerated totally- 
enclosed, fan-cooled alternating cur- 
rent motors is given in illustrated 
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How to Get the Best Performance 
at Low Cost 
with Temperature Sensitive Devices 













FLEXON OFFERS 
THE COMPLETE 
BELLOWS SERVICE 


Flexonics Corporation manu- 
factures a complete range of 
bellows and bellows assem- 
blies in brass, bronze or 
stainless steel for vacuum 
equipment, thermostatic de- 
vices, pressure controls, pack- 
less valves, pneumatic instru- 
ments, hydraulic mechanisms, 
rotating shaft seals and many 
other services. 





FeyeKON BELLOWS 


x 
i 


The Flexon Bellows Design 
Guide gives valuable applica- 
tion and design information. 
Write for your copy, today. 


1339 S. THIRD AVENUE, MAYWOOD, ILLINOIS 





Cost-engineered FLEXON Bellows 
Assemblies are the answer to your 
need for high quality performance in 
temperature controls. 

FLEXON Bellows Assemblies used 
in this type of application consist of a 
bellows, capillary tube and sensing 
bulb, completely filled with a suitable 
liquid. Expansion and contraction of 
the liquid with temperature changes is 
converted to bellows motion. This pro- 
vides small increments of motion for a 
given temperature range making it 
possible to accurately regulate temper- 
ature by modulating the heat source. 

For effective, economical solutions to 
your temperature controls problems, use 
the experience and know-how of Flexon- 
ics engineers. The best time to take ad- 
vantage of this help is while your product 
is in the design stage. Jusi send an out- 
line of your requirements. 


FLEXON BELLOWS 
DIVISION 















FORMERLY CHICAGO METAL HOSE CORPORATION 


Manvfacturers of flexible metal hose and conduit, expansion 
joints, metallic bellows and assemblies of these components. 


in Canada: Flexonics Corporation of Canada, Ltd., Brampton, Ontario 


Circle 563 on page 19 
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Helpful Literature 





bulletin 51B7225D. Included are cut- 
away views, tables of ratings and di- 
mensions, and a horsepower frame 
chart. 6 pages. Allis-Chalmers Mfg. 
Co. 

Circle 416 on page 19 


Resistance Welding 
How accurate control in resistance 
welding assures optimum product 
performance is explained in illustrat- 
ed bulletin 338 entitled, “At Last... 
Absolute Accuracy in Welding Con- 
trol.” 8 pages. Sciaky Bros., Inc. 
Circle 417 on page 19 


Filtering Equipment 
Olson liquid filters with capacities 
of 1000 to 10,000 gph of solvents and 
Delpark full-flow self-cleaning con- 
tinuous automatic coolant filters are 
subjects of two illustrated bulletins. 
4 pages each. Industrial Filtration 
Co. 
Circle 418 on page 19 


Electron Tube Sockets 
Technical data sheet 50A gives de- 
sign and application information on 
new series 1550 type B Duodecal elec- 
tron tube socket for electronic equip- 
ment. 2 pages. DeJur-Amsco Corp. 
Circle 419 on page 19 


Static Control Elements 
Fundamentals and features of gen- 
eral purpose static control elements 
are detailed in illustrated bulletin 
GEA-6578. And, or, not, memory 
and time delay types are detailed. 
Components and system features are 
described and the logic function is 
covered. 8 pages. General Electric 
Co. 
Circle 420 on page 19 


Instrument Tubing 
Single and multiple instrument 
tubing products which bend without 
distortion are described in bulletin 
456. Specifications are given for 
metal, plastic lined and plastic tub- 
ing, multiple tube harnesses and tub- 
ing ribbons. 4 pages. Samuel Moore 
& Co., Dekoron Products Div. 
Circle 421 on page 19 


Universal Joints 

Dimensions as well as torque loads 
and critical speeds of Almetal uni- 
versal joints for industrial applica- 
tions are given in illustrated catalog. 
Splined, keyed, hub and flange yokes 
and bearing hanger stub shafts are 
described. Continuous duty ratings 
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UP TO 


64 GPM 


AT 1200 RPM 


1500 PSI 


HYDRECO Gear Pumps, for years, have been spe- 
cified as standard Fluid Power equipment by the 
big names in Construction, Earth Moving and 
Materials Handling Equipment. On these rugged- 
service applications HYDRECO Gear Pumps 
perform with outstanding dependability. They will 
operate under conditions of pressure, temperature, 
and speed unheard of on the usual industrial 
application. Mobile Equipment is a highly compet- 
itive field and HYDRECO Pumps have always 
afforded design engineers substantial economies 
in original equipment costs! 


HYDRECO Gear Pumps are now available with 


KALAMAZOO wis: 








Member NFPA 


for performance 








HYDRECO 


data on HYDRECO Gear Pumps 
with Industrial Mountings. 


THE NEW YORK AIR BRAKE COMPANY 


GEAR PUMPS 
INDUSTRIAL MOUNTINGS 


FOR 
MACHINE TOOL 
HYDRAULIC PRESS AND | 
SPECIAL MACHINERY 
FLUID POWER CIRCUITS 











standard industrial mountings, port connections 
and shafts. Builders and users of Machine Tools, 
Presses, and Industrial Equipment can now profit 
by the economies in these Pumps. 





Make this simple test! If your hydraulic cycle is 
comparable to that of a tractor-shovel digging a 
foundation . . . a front-end loader working a gravel 
pit .. . or, a mammoth bulldozer crowding a bank 
... and working at full relief pressures nearly all 
the time—then YOU can use HYDRECO Gear 
Pumps to advantage! HYDRECO Gear Pumps can 
save YOU money NOW — in both original equip- 
ment and replacement costs. 











Kalamazoo Division 

The New York Air Brake Company 

9006-11 East Michigan, Kalamazoo, Mich. 
Kindly ser. me full information on HYDRECO 
Gear Pumps with Industrial Mountings. 


and installation 














9006 E. MICHIGAN 


INTERNATIONAL SALES OFFICE, 


KALAMAZOO 


90 WEST ST., NEW YORK 
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Maurey engineers v-drives for 
every situation; the “stop and 
go’’ spurts of refrigeration 
drives; the pulsating, high 
torque loads of rock crushing; 
the smooth, steady-pull of tex- 
tile drives... for short centers, 
and wide range of speed ratios. 
Maurey V-drive equipment has 
proved its value since 1917, 
improving the performance, and 
increasing the sales of thousands 
of products. Maurey delivers 
pulleys, belts and accessories 
quickly from complete stocks. 
Whether you are designing a 
new v-drive or improving an old 
one, contact Maurey. Call your 
local Maurey Distributor, or 
write direct. Request These 


CATALOG V-55 









MAUREY-MATIC 


CATALOG 


WABASH AVE 


Circle 565 on page 19 
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range up to 12.1 hp per 100 rpm. 8 
pages. Detroit Bevel Gear Co. 
Circle 422 on page 19 


Rotary Cam Limit Switch 
Bulletin 1600B is descriptive of the 
Danly rotary cam limit switch for 
mechanical presses. Readily adjust- 
ed for timing of press controls or of 
auxiliary equipment synchronized to 
the press cycle, control is rated 10 
amp on 115 v. 8 pages. Danly Ma- 
chine Specialities, Inc. 
Circle 423 on page 19 


Midget Magnetic Clutches 
Measuring 1 5/16 in. in diameter 
by 2 45/64 in. long, miniature pre- 
cision magnetic clutches develop a 
static torque of 9 Ib-in. with a 3 w 
power consumption when operated on 
110 v de. Full details are given in 
bulletin “Magnetic Clutches.” 4 
pages. Dial Products Co. 
Circle 424 on page 19 


Magnesium Alloys 
Both the former and the newly 
Dow-adopted ASTM designations for 
Dow magnesium alloys are listed on 
handy wall chart or data file sheet. 
Designations cover mill products, 
sand and permanent mold castings, 
die castings and ingots. Dow Chem- 
ical Co. 
Circle 425 on page 19 


Nylon Bobbins & Washers 
Maximum and minimum wall 
thicknesses, core lengths and sizes, 
and flange sizes of nylon bobbins and 
dimensions of nylon washers for elec- 
trical uses are tabulated in bulletin 
BW 756. Sample bobbins and wash- 
ers will be sent with catalog. 4 pages. 
Cosmo Plastics Co. 
Circle 426 on page 19 


Signal Generators & Controls 
Details of the new signal genera- 
tor and control system developed to 
meet the varied requirements of a 
signal source for electrical, electro- 
acoustical and acoustical measure- 
ments are given in illustrated folder. 

8 pages. Brush Electronics Co. 
Circle 427 on page 19 


Steel Pipe, Tube & Fittings 

Condensed data on mechanical 
properties, creep strength, physical 
properties, hot and cold bending, 
welding, heat treatment and work- 
ing pressure of Croloy 2% steel pipe, 
tubing and welding fittings are con- 
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No Commutators, No Rings, No Brushes, 
No Rotating Coils—in the NEW 


—_  @ _— 
)YNAMATI( 
Adjustable Speed Drives 


Dy namatic stationary field couplings are the simplest drives so 
far devised to provide infinitely adjustable speed from an alter- 
nating current source. The absence of rotating coils, brushes, slip 
rings, and commutators in this design holds wear and main- 
tenance to an absolute minimum. Dynamatic electronic or mag- 
netic amplifier controls, in combination with these drives, pro- 
vide wide latitude in operating functions. 


Check these Outstanding Advantages: 


Accurate speed control « Wide speed range e Low power losses 





© Simple construction e Rapid response e Remote control 


Dynaspede® Stationary Field 
Coupling, with Integral Motor 


© Quiet, efficient operation e Low maintenance costs 


Ajusto-Spede® Drives: Air cooled, stationary field eddy- 
current couplings mounted integrally with D-flange open drip 
proof squirrel cage motors are available in capacities from 1 to 
75 HP. Units of the same design and capacities are also available 


without motors. 


Dynaspede”® Drives: Liquid cooled, stationary field cou- 
plings mounted integrally with D-flange squirrel cage motors are 
available in capacities from 3 to 75 HP. Motor types available 
are drip proof, splash proof, totally enclosed fan cooled, and 
explosion proof. The coupling is totally enclosed. Separately 





mounted couplings are also available in capacities from 3 to 


2500 HP and larger. Stationary Field Coupling for 
use with Separately Mounted Motor 


Send for Detailed Information on these New 
Stationary Field Couplings and Drives 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 
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Eudurauce Kated 
COUNTERS 


to Fit every uced 





200 MILLION COUNT LIFE 


Unequalled for Automo- 
bile and Aircraft factories; 
stamping, metal working, die 
casting and plastic molding ma- 
chines; laundry, printing and all 
kinds of equipment. 


6 MILLION COUNT LIFE 
<Q 


Junior King 
The proven an- 
swer for office 
machines, amuse- 
ment machines, and fac- 
tory equipment where 
service is moderate. 


3 MILLION COUNT LIFE 


SMX Tamperproof 


Millions used for 
vending machines and 
other equipment where 
space is limited. 


200 MILLION COUNT LIFE 











Revolution 
Counter 
For measur- 
ing machines, 
metering equipment, etc. Available 
with flexible shaft for convenient 
location. 


1 BILLION COUNT LIFE 
10,000 CPM 
<v 


Clipper 
Coil 
Winding 
Counter 
Unequalled 
for high speed 
coil winding. 

See your PIC 
Representative or write. 











ee 702-08 W. Jockson 


Circle 567 on page 19 
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Helpful Literature 





tained in bulletin 145-A. Material 
is suited for service up to 1175° F 
in nominal pipe sizes up to 95% in. 4 
pages. Babcock & Wilcox Co., Tu- 
bular Products Div. 

Circle 428 on page 19 


Motor Selector Chart 
Binder-size selector chart tabu- 
lates characteristics and perform- 
ance ranges of all fractional horse- 
power motor types. Speed-torque 
curves for basic units are illustrated. 
Howard Industries, Inc. 
Circle 429 on page 19 


Welding Fittings & Flanges 
Dimensional data on Tube-Turn 
wrought iron welding fittings and 
flanges are contained in illustrated 
folder. Sizes range from % to 12 
in. Physical properties and typical 
applications are discussed and illus- 
trated. National Cylinder Gas Co., 
Tube Turns Div. 
Circle 430 on page 19 


Wire Rope 


Diverse applications for wire rope 
shown in illustrated bulletin 5647 are 
helicopter, water well drilling, sling 
lift, water tower dismantling and 
elevators. Swaged fittings are also 
covered. 4 pages. Macwhyte Co. 

Circle 431 on page 19 


Multipurpose Fasteners 
Vibrex fasteners which combine 
features of quick-release closures 
and vibration dampers are described 
and illustrated in brochure. Their 
tensile strength, sealing and antivi- 
bration characteristics are covered. 
Vibrex Fastener Corp. 
Circle 432 on page 19 


Motors & Collector Rings 
Torque motors, special motors and 
collector rings for completing elec- 
trical circuits between stationary and 
rotating parts are subject of bulle- 
tin BAW-56. Continuous motor stall 
characteristics are described, as are 
eight collector ring sizes. 8 pages. 
B. A. Wesche Electric Co. 
Circle 433 on page 19 


Lubricating Equipment 
Oil cups and gages, oiling systems, 
dispensers, valves and chain oilers 
are described and illustrated in cat- 
alog No. 10. Specifications of each 
unit, application data and typical 
installations are covered. 32 pages. 
Oil-Rite Corp. 
Circle 434 on page 19 


























Non-metallic material or parts for manu- 
facturing your product. “KARAK” is manu- 
factured in various combinations of graphite 
and carbon. To suit your requirements any 
combination of these materials can be im- 


pregnated. Bearings-rings- molds and 
cores - seals for liquids- air and grease 
pumps - Diesel engines - air compressors, 
etc., represent only a partial list of appli- 
cations. Day by day many needs are 
developing in industry where this type of 
material is found to be superior to mater- 
ials now being used. 







We welcome 
your inquiries! 





DESIGN WITH 
“KARAK" IN 
MIND 






Basic Manufocturers 


THE OHIO CARBON 
COMPANY 


12500 BEREA ROD CLEVELAND 11, OHIO 


Circle 568 on page 19 





EQUIP YOUR POWER PRESSES AND OTHER METALWORKING 
MACHINERY WITH THESE FAWICK UNITS FOR... 


accurate, high speed clutch control 


m 
: 
= 
4 
3 
3 
4 

: 








FAWICK TIMING ROTORSEALS 


@ combination rotary air seal and cycle-timing device for machinery 
equipped with air-operated clutch and brake mounted on crankshaft 


@new, 3-cam, 3-breaker-point design for more accurate control and 
complete operator safety . . . up to speeds of 500 rpm 


@ simple cam adjustment through 360° cycle 
@ completely sealed, self-contained unit 


e@ adaptable to new or existing equipment, easy to install and service, 
requires minimum shaft space 








CAM LIMIT SWITCHES 


@ accurate 3-cam, cycle-timing device for machinery where clutch and 
brake are not mounted on crankshaft 


@ incorporates all important advantageous features of Fawick Timing 
Rotorseal described above—but does not provide air passage 


@ chain-and-sprocket link to crankshaft 





JIC PANEL = 
(18" x 20° x 6%") 


+ + 
BASIC PANEL MEDIUM SIZE PANEL 
(9A" x Wh" x 4%) (136"x 124" x 4%) 









November 29, 1956 









HIGH SPEED CLUTCH CONTROLS 


@ for safe and precise control of machinery at increased operating speed 
@ three sizes—all of NEMA 12 construction with non-repeat protection 


@ inching, single stroke and continuous operation standard for all control 
panels. Also includes functions of either “‘long" or “short” operation, with 
optional “hand-foot” and semi-continuous operations. 

@ timed inching relay and size one non-reversing motor starter are avail- 
able as optional features for medium size and JIC panels. Other panels 
with features such as larger motor starter can also be furnished. 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 


High-Speed Clutch Controls and either Timing Rotorseal or 9919 CLINTON ROAD + CLEVELAND 11, OHIO 
Cam Limit Switch are components of FAwIcK STANDARDIZED 
Press APPLICATIONS, complete package units for low-cost 
modernization of presses from 15 to 120 tons. For additional 
information on these and other FAwIcK products, contact your 


nearest FAwick Representative or the Home Office today. FRLUIE 


IN CANADA: FAWICK CANADA, LTD., JORONTO — MONTREAL 


INDUSTRIAL CL 
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Use Yellow Card, page 19, to obtain more information 











Nylon Powder 


for wear-resistant, 
accurate parts 


Formulation of finely divided ny- 
lon powders, designated Nylasint 
64, has high modulus of elasticity 
and low deformation under load 
in cold-pressed and sintered form. 
Material provides high wear resist- 
ance, low surface friction, and low 
hygroscopic and thermal expan- 
sion. Parts such as gears, bear- 
ings, cams, and wear parts made 
from the material by cold pressing 
and oil sintering have uniform 











shrinkage and accurate dimensional 
characteristics. Various inert 
fillers such as molybdenum disul- 
phide and graphite may be added 
for specific requirements. National 
Polymer Products Inc., Reading, 
Pa. 

Circle 451 on page 19 


Heating Cartridges 


provide stabilized 
ambient temperatures 


Ceramic - body heating cartridges 
offer selection of body length and 
diameter to provide units as small 
as 5/32-in. diam by 1 in. long. Wat- 
tage ratings are available to pro- 
vide densities up to 50 watts per 
sq in. Design allows wide selection 
of terminal configurations. Heat- 
ing elements are just beneath sur- 
face to provide fast heating, high 
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heat density, and minimum heat 
loss to the core. Ceramic, solidly 
packed with magnesium oxide, is 


moisture resistant. Cartridges are 
for use in applications requiring 
stabilized ambient temperature 
ranges. Hotwatt, 16 Gould St., 
Danvers, Mass. 

Circle 452 on page 19 


Glass Fabrics 


have low flow under 
heat and pressure 


Teflon-coated glass fabrics, tapes 
and laminates for use in aircraft 
and industrial applications have 
excellent heat resistance, high me- 
chanical strength and extreme 
toughness. Chemically inert, the 
fabrics exhibit low flow under heat 
and pressure, excellent electrical 





properties over a wide range of 
temperatures and frequencies, and 
good strength and resistance to 
abrasion. They remain pliable at 
temperatures lower than —100 F 
and are inert to 390 F. Simple 
forming is easily accomplished. 
More complicated structures can 
be formed at approximately 700 F 






and 1000 psi pressure. Fabrics are 
available in standard single ply or 
multiple-ply laminates, and can be 
treated on one side only for adhe- 
sion to a variety of materials. 
Shamban Engineering Co., 11617 
W. Jefferson Blvd., Culver City, 
Calif. 

Circle 453 on page 19 


Self-Sealing Coupling 


for hydraulic lines 
up to 3000 psi 


Aircraft self-sealing coupling has 
quick, positive connection and dis- 
connection with no fluid loss or air 
inclusion for use on hydraulic sys- 
tems with temperatures up to 275 
F and pressures to 3000 psi. Coup- 
ling replaces two shut-off valves 
and is suited for applications 





where hydraulic line must be 
broken for maintenance, testing, 
or connection of accessories. Visual 
or touch inspection determines 
whether or not coupling is locked. 
Connection is by manual quarter- 
turn of union nut; disconnection 
by axial pull on nut. Aeroquip 
Corp., Aircraft Sales Dept., Jack- 
son, Mich. 

Circle 454 on page 19 


Bondable Fluorocarbons 


surface treatment allows 
selective bonding 


Teflon and Rulon film, rods, 
sheets, and extruded or molded 
shapes are surface-treated to en- 
able these nonadhesive substances 


MACHINE DESIGN 











Internals of Lewellen V/S Transmissions 
are mechanically connected and symmet- 
rically positioned. All motions are exactly 
proportioned and accurately adjustable. 
V/S Belt tracks in true alignment at precise 
pitch ratios, with controlled tension for 
full traction throughout the speed range. 
Infinitely, accurately variable speeds are 
designed and built into Lewellen V/S 
Transmissions. 
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Only LEWELLEN V/S TRANSMISSIONS 


five procicion ratios * 


The builder of Lamb-Grays High-Speed Precision Cutter 
says, “Only Lewellen V/S Transmission gives the precision 
ratios we require, at the extreme variations in torque result- 
ing from rapid accelerations of the cutter.” 

The Lewellen variably drives the rotary shear. Speeds are 
remotely controlled for a wide range of selected sheet 
lengths. 

Recurring peak loading at the cut, rapid accelerating loads 
at frequent starts, and 24 hour service are exacting require- 
ments. 

The uniform lengths of the stacked sheets is indisputable 
evidence of Lewellen accuracy. 

Lewellen V/S Transmissions offer convenience as well as 
utility. Lewellens operate at the speeds that machines run. 
Directly connect machine sections—or, motorized, variably 
power the machine. 

Four standard models—selective controls—many accesso- 
ries — any driving arrangement . . . Lewellen V/S 
Transmissions adapt readily to any equipment. | 
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WRITE FOR CATALOG NO. 65 


i EWE t i f Ni MANUFACTURING CO. 
COLUMBUS, INDIANA 


Distributors In All Industrial Areas * In Canada—Peerless Engineering Sales Ltd., Toronto-Montreal 


Circle 570 on page 19 
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Job-Rated for the 
Particular Load to 
Give Maximum Performance on Your Job 


























NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


Torque 


(static) 1% to 5100 ft.-Ibs- 
s * 





MAINTENANCE-FREE INSTANTLY- 
ADJUSTABLE VARIABLE SPEED PULLEYS 


ECONOMICALLY-PRICED INFINITELY- 
VARIABLE SELECT-O-SPEED 
TRANSMISSIONS 


Belt Sizes 
Ratios 

Speed . 

wp. (1750 1pm) 





LIGHT-WEIGHT PRECISION-BUILT UNIVERSAL JOINTS 














Get Lovejoy performance for your equipment. ) 
Request full information now. 


(Ly 
OVERS LOVEJOY FLEXIBLE COUPLING CO. 


4818 WEST LAKE STREET * CHICAGO 44, ILLINOIS 





156 Circle 571 on page 19 





New Parts 





to bond with other materials. Es- 
sentially a surface treatment, pen- 
etration of material is 0.001 to 
0.003-in. Either part or all of sur- 
face can be treated; balance will 
retain its nonadhesive properties. 
Flat shapes can be treated on one 
side or on both sides as required. 
Suitable adhesives permit firm 
bonding of Teflon and Rulon to 
such materials as wood, metals, 
cloth, belting, and other plastics. 
Among applications is bonding of 
thin sheets (0.003 to 0.065-in.) of 
fluorocarbon to an _ inexpensive 
metal base to achieve same results 
as solid fluorocarbon alone. Dixon 
Corp., Bristol, R. I. 

Circle 455 on page 19 


Silicon Rectifier 


miniature unit 
has rating to 600 v 


Silicon rectifier stack is designed 
for power applications requiring 
miniaturization, reliability, high 
efficiency, and operation at high 
ambient temperature. Rectifier is 
available in all circuit types with 





inverse rms voltage ratings from 
70 to 600 v and de output cur- 
rents to 4.5 amp at 75 C ambient 


temperature. Stacks may be ar- 
ranged in series or parallel to in- 
crease voltage or current ratings. 
Hermetic sealing insures freedom 
from contamination. Junction 
diodes are mounted on copper cool- 
ing fins and then stacked conven- 
tionally, International Rectifier 
Corp., 1521 E. Grand Ave., El 
Segundo, Calif. 

Circle 456 on page 19 


Cap Nuts 


self-locking units for 
decorative applications 


Through-tapped cap nuts are for 
use on outdoor and indoor steel 
and aluminum furniture, appli- 
ances, plumbing fixtures and other 
decorative applications where it is 


MACHINE DESIGN 



























Let Motors 


help you design top performance 
even” | inte your product... 


Send for Bulletin 1-1P1 








\" 





RIGID BASE, OPEN TYPE, PROTECTED CUSHION BASE, OPEN TYPE, TOTALLY ENCLOSED FAN COOLED 
1 to 400 H.P.—A.C., Single or Polyphase PROTECTED—1/20 to 5 H.P. 1 to 100 H.P., A.C., Single or Polyphase 
May be used in place of splash proof... A.C., Single or Polyphase Send for Bulletin 6-1P1 
screens available for rodent protection. Send for Bulletin 6-1P1 


Send for Bulletin 6-1P1 








FLANGE BRACKET (NEMA “D") FACE TYPE BRACKET (NEMA “C”) EXPLOSION PROOF MOTORS 
Round, short frame—for horizontal With feet for motor-mounted equipment 2 to 100 H.P. 
or vertical operation Send for Bulletin 6-1P1 UL approval Class |, “C” and “D” 
Send for Bulletin 6-1P1 Class Il, “E,"” “F" and "G" 


Send for Bulletin 6-1P45 














They’re Performance-Rated® to guide you in selecting precisely the 
right motor size, speed, torque, mounting and frame characteristics for 
each specific application. Call or write your nearby Century District 
Sales Office or Authorized Distributor. 


uae ne a am ae Mail this coupon for FREE bulletins 












SELECTIVE SPEED DRIVES 

1/8 to 150 H.P. 
Operate from A.C.; broad range of auto- 
matic, stepless speed control; respond to 
wide variety of remote control devices. 


CENTURY ELECTRIC COMPANY 


1806 Pine St., St. Lovis 3, Mo. « Offices ond Stock Points in Principal Cities 
To CENTURY ELECTRIC COMPANY, 1806 Pine Street, St. Lovis 3, Mo. 


Please send me the following bulletins: 


TRON SELES Te SI eT TY we 
SOD i ccsiitininniiecacsninis Cdiasdnthaadenecltbchaitcaiiieaaaete INL uditcmsncmianadiiatdicienninestiaadaail 

GEAR MOTORS—1 to 125 HP. (parallel) 
Ve to 3 H.P. (right angle or parallel) CI <a wssccdesenannortntn othensinoiancinnonsescsscighertdnatepclacdsinttenenapieaeenintaictaieacdpaieal 
A.C. or D.C., Speed to fit your need. Fee Le Re OE eae Te Ee eT AEN ee ee 


Send for Bulletin 
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NEW CONTROLLER LINE 
ADAPTS 9/6 WAYS 


Fenwal Announces 
Low-Cost Temper- 
ature Indicating 
Controllers 


ASHLAND, MASS. — Fenwal 
Inc., has announced here that tailor- 
made, accurate, low-cost temperature 
indicating controllers are now avail- 
able from stock. 

Tailor-mades from stock are made 
possible by the development of the 
new Fenwal Series 541 line. The 
Series 541 is a standardized line of 
matched temperature indicating con- 
troller parts which can be combined 
easily in 576 ways. 

From these possible combinations 
come perfect solutions to countless 
temperature control problems. A 
prospective user lists the characteris- 
tics of the ideal temperature indicat- 
ing controller for his particular opera- 
tion, and Fenwal assembles an instru- 
ment with those characteristics from 
parts in stock. 

No matter what combination is 
chosen, the result is a rugged, accu- 
rate, compact and easily maintained 
unit in a shock-proof, splash-proof, 
dust-proof housing. The housing is 
available in colors to match any equip- 
ment in which it may be installed. 

Installation and calibration are so 
simple that instrument technicians 
and laboratory procedures are un- 
necessary. And, after installation, all 
normal temperature adjustments are 
external. 

No matter what combination is 
chosen, the resulting instrument is 
accurate to within one per cent of 
scale. The accuracy is long lasting, 
with few moving parts and no internal 
gears. Simplicity of design brings the 
wear factor close to zero. 

Series 541 offers single or double 
circuit control. There is a choice of 
four different long-life snap switches, 
with ratings up to 20 amps, 250 volts, 
A.C. These switches, singly or in 
combination, can provide a wide 
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-Fenwal) 








One of Fenwal’s new Series 541, bulb-and-capillary controllers. Photo shows dual 
circuit model which has two snap switches, each with a setpoint indicator, that actu- 
ate two separate circuits at the pre-set temperatures. 


variety of operating characteristics. 

Three stainless steel bulb types are 
available at no increase in price to 
meet space or process requirements. 
Capillaries and bulbs are corrosion- 
proof. Capillaries are swivel-mounted 
to protect them from breakage. 

There is a choice of three tempera- 
ture ranges: —150° to 200°F, 50° to 
400°F, or 50° to 700°F, or their cen- 
tigrade equivalents. Special ranges 
are available on request. 

The control mechanism may be 
subjected to temperatures up to 
150°F, and is ambient compensated 
from 50° to 150°F. 


Circle 573 on page 19 








Write to Fenwal Incorporated, 1911 
Pleasant Street, Ashland, Mass. De- 
scribe the tailor-made temperature 
indicating controller that would fit 
your operation perfectly. Chances are 
excellent that the tailor-made can 
be yours — at savings never before 
possible. 





CONTROLS TEMPERATURE 
... PRECISELY 


MACHINE DESIGN 
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New Parts 





impossible to seat a regular cap 
nut. Self-locking feature of cap 
nut eliminates need for washer, 
thereby speeding assembly. Re- 
usable nut utilizes a tough resilient 
pellet of permanently imbedded 





nylon. Pellet projects beyond 
threads, setting up counter-thrust 
when assembled and_ creating 
strong metal-to-metal contact. Nuts 
will not loosen under severe vibra- 
tion and withstand temperature 
ranges from -—70 to +250 F. 
Nylok Corp., 611 Industrial Ave., 
Paramus, N. J. 

Circle 457 on page 19 


Thermostatic Controller 


controls 200 F wide 
range to 600 F maximum 





Pilot-type thermostatic controller 
for high-temperature applications 
is available in standard tempera- 
ture ranges of 250 to 450 F, 350 
to 550 F, or any 200-deg range 
from 50 to 600 F. Thermosensi- 
tive tube is stainless steel to with- 
stand corrosion, temperature and 
erosion. Thermal isolator section 
keeps pilot valve and adjustments 
cool on high-temperature control 
applications. Instrument provides 
accurate temperature regulation of 
liquids or air when used in con- 
junction with valves, dampers or 
other controls. Rod-and-tube 
thermal element is immersed di- 
rectly in medium being controlled, 
in any horizontal or vertical posi- 
(Continued on Page 162) 


Circle 574 on page 19> 



















Head Unit of Radial Drill- 
ing Machine mfg’d. by 
Cincinnati Bickford, Divi- 
sion of Giddings & Lewis 
Machine Too! Co. 



























Tailor-made 
CASTINGS* 


65 in Cincinnati Bickford Head Unit | 


Producing castings for today’s precision machine tools demands the 
ultimate in technical skill. That's why machine tool manufacturers, such 
as Cincinnati Bickford, specify castings ‘tailor-made’ by Hamilton 
Foundry. They know it pays to take advantage of Hamilton Foundry’‘s 
well-earned reputation for “‘tailoring’’ castings to do the jobs they 
were designed to do! 








At Hamilton Foundry, you'll find the most rigid adherence to the de- 
sign engineer‘’s specifications plus a wide variety of irons that meet 
physical properties required by service conditions. And you can stop 
worrying about intricate designs . . . tight dimensional tolerances . . . 
and wide range of metal sections. 


P.S. Above photo shows the Head Unit of 
Cincinnati Bickford’s 7 foot, 19°‘ column, 
Super Service Radial Drilling Machine, fea- 
turing complete hydraulic pre-selection of 
all 36 speeds and'18 feeds. This Head 
Unit contains a total of 65 “tailor-made” 
HAMILTON QUALITY CASTINGS®@ with a 
weight range of 0.3 Ibs. to 804 Ibs: 
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Call on Hamilton Foundry for 
“tailor-made” castings. 
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GRAY IRON: ALLOYED IRON 
MEEHANITE - NI-RESIST * NI-HARD 











THE HAMILTON FOUNDRY 


AND MACHINE CO. 


1551 Lincoln Avenue * Hamilton, Ohio 
Phone TWinbrook 5-7491 







SAFE, GAS-TIGHT JOINTS required 
by the down-flow construction of 
this year-round furnace and air- 
conditioning unit are easy to ob- 
tain, using Republic ELECTRUNITE® 
Mechanical Tubing. Its uniform 
roundness, wall thickness, strength 
and ductility help simplify design 
and fabrication. Quality control 
from raw ore to finished product 
assures long, trouble-free service. 


REPUBLIC 


Woldi Wideut Range off Standard. Steels 


MACHINE DESIGN 








assure hermetic seal permanence 


One of the most critical points in maintain- 
ing an absolute hermetic seal in any refrigera- 
tion system is the joint between compressor 
cylinder and head. That’s why Copeland Refrig- 
eration Corporation of Sidney, Ohio, manufac- 
turer of fine commercial refrigeration and air 
conditioning compressors, insists on cylinder 
head cap screws made to exacting specifica- 
tions. Republic Alloy Steel Hex Head Cap 
Screws fill the bill perfectly. They more than 
meet tensile strength, yield point, hardness 
and ductility requirements. 

Design of the Copeland Compressor calls for 
cap screws to clamp cylinder head, a neoprene 
gasket, valve plate, another neoprene gasket 
and cylinder block into one solid, leakproof 
assembly. Year-in, year-out service dependa- 


bility demands that these fasteners neither 
stretch nor lose their grip under the heating 
and cooling cycle of on-off operation. There 
must be no loss in compression or escape of 
refrigerant. Again, Republic Alloy Cap Screws 
are more than equal to the task—as proved by 
their failure-free performance record. 

Whatever your fastener problem, it will pay 
you to check Republic. 20,000 standard and 
8,000 special types and sizes of headed and 
threaded products are available to satisfy a 
tremendous variety of applications. Each is 
backed by a century of experience, and quality 
controlled from raw ore to finished product. 

You can get complete information through 
your local Republic office. Or simply mail the 
coupon. 











OUTSTANDING PRODUCT PERFORMANCE is assured 
when you specify Republic Hot Rolled Carbon or 
Alloy Bars as your raw material. A full range of 
standard and special shapes, sizes and grades 
is available to meet the most exacting require- 
ments. Further, Republic's 3-Dimension Metallur- 
gical Service can help you select the proper type, 
and process it efficiently. 


ZINC COATING PERMANENCE makes Republic 
Continuous Galvanized Sheet ideal for hundreds 
of mass-produced parts and products. Its uniform, 
corrosion-resistant zinc coating will not crack, 
flake or peel under any forming operations per- 
mitted by the base metal. Resulting product is 
far less expensive to produce than old-fashioned, 
hot-dipping after fabrication would allow. Send 
coupon for information. 














Dept. C-2405 

3130 East 45th Street 

Cleveland 27, Ohio 

Please send me further information on: 

O Fastener Products D Continuous Galvanized Sheets 
€ ELECTRUNITE Mechanical Tubing 0 Hot Rolled Bars 


Title 


STEEL 


and Steck Producia 


Name. 





Company 
Address. 
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THE CHART PURPOSELY.. 


... because we think the load-carrying capacity of Cone-Drive 
speed reducers is pretty impressive all by itself. Then, we've 
also got a lot of friends in the worm gear speed reducer busi- 
ness. And they make pretty fair reducers themselves. 


Two things are responsible for the high capacity of Cone- 
Drive speed reducers. First, we use extra-heavy gears mounted 
on oversize taper roller bearings in reinforced, heavy housings. 


Extra “beef’ alone accounts for part of our capacity. 


Even more important, however, is the Cone-Drive double- 
enveloping worm gear design. Here, we literally wrap worm 
and gear around each other to put % of all teeth in continuous 
full-depth contact. This results in spreading tooth contact over 
a greater area, reducing pressure on individual teeth, increas- 


ing load capacity and life of the gearing. 
Ask for Bulletin 600C without obligation. 
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wrsion Mlichugan Tool Comyarcory 


7171 E. MetMichels Reed + Detrelt 12, Michigan 




















New Parts 
(Continued from Page 159) 





tion. Controller is 3 13/16 in. wide 
by 1934 in. long and is recommend- 
ed where compressed air is used 
as pilot supply. Robertshaw-Ful- 
ton Controls Co., Fulton Sylphon 
Div., Box 400, Knoxville, Tennes- 
see. 

Circle 458 on page 19 


Teflon Hose Assemblies 


in sizes from 
3/16 to 11% in. 


Chemically resistant, flexible hose 
assemblies consist of a Teflon liner 
encased in_ stainless-steel wire 
braid, with full-flow fittings per- 
manently locked to the hose. Units 
handle sustained operating pres- 
sures to 4000 psi at temperatures 
from —100 to 500 F. The assem- 





blies are recommended for use 
where chemical resistance, freedom 
from contamination, wide temper- 
ature and pressure range, and flex- 
ibility are required. Eight sizes 
are available from 3/16 to 1% in. 
with maximum length of 50 ft. 
Mic-Lin Co., Route 38 at Rudderow 
Ave., Maple Shade 6, N. J. 

Circle 459 on page 19 


Miniature Differentials 


are available with or 
without antibacklash feature 


These miniature differentials have 
application where small size and 
long life are required. They add 
or subtract two rctating inputs or 





angular inputs and control relative 
speeds, obtaining wide speed ratios 
between shafts. Differentials re- 
verse or change speeds quickly 
without disconnecting the power 


MACHINE DESIGN 
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FOR CORROSION RESISTANCE. The Marathon Corporation developed a 
method of producing lignosulfonates from paper mill sulfite liquor, but it was 
impractical until Stainless Steel became available in the 1930's. The plant 
now produces 75 million pounds a year, and 50% of the equipment is Stain- 
less Steel. 


NOTHING 


can equal 


e P 
FOR ENDURING BEAUTY. This great religious 
[ symbol is erected on the grounds of St. 
Patrick’s Academy, Chicago, Ill. The Stain- 


less Steel skin furnishes a gleaming, per- 
manent inspiration to all viewers. 


@ No other design material can match Stainless Steel in its combina- 


tion of desirable properties: corrosion resistance, strength and hard- 


ness, beauty, cleanability and easy fabrication. When buying Stainless, 
remember that United States Steel offers the widest range of types, fin- 
ishes and sizes available in the United States. 


UNITED STATES STEEL CORPORATION, PITTSBURGH * AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO * NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 

UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS STAINLESS STEEL — yer asusne sernce. ser » 


Management says, “Ordinary screens would 
SHEETS > STRIP - PLATES - BARS - BILLETS only last about two weeks, but we can expect 
PIPE + TUBES * WIRE + SPECIAL SECTIONS three years of service from these Stainless 
Steel screens...” 
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NEW... NEW! 


Gear-Grip 


Flexible Coupling 


The most revolutionary design advancement 
for integral H.P. in a century! 





Pesitive wer 

transmission of rated 

lead. Gear teeth on end casti 
motch special rubber tube section. 
@ Load ranges—2'/2 H.P. to 25 H.P. 
® Shaft sizes—%" to 1%". 

® Specified lengths to design 
requirements, 

Prevents end thrust. 

“By Eye" shaft alignment. 
No lubrication required. 
Shaft Safety features. 


Dyna-line .. . 


The finest flexible coupling in single unit 
pactreste—epectieaty designed for frac- 
ional H.P. 





se aR aR 2R ™ OR oor 


© True Flexibility and Torsional Resili- 
ence for quiet, load-plus power trans- 
mission without extreme deflection or 
twist. 

® Lengths varied to design specifica- 
tions in each series. 

® Load ranges—1/15 to 1/2 H.P. 

© Shoft sizes — 
3/16" te %". 

© Lowest 0O.D. 
for highest 
torque capa- 
city. 

Write for Catalogs and 

LL 
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PRODUCTS CORP. 


COUPLING DIVISION 


DEPT. M-116, 1215 E. SECOND ST. 
MICHIGAN CITY, INDIANA 


Circle 578 on page 19 
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source. Units have sealed con- 
struction, hardened gears and foot- 
mounted ball-bearing shaft sup- 
ports. Thirty-four ratios from 1:1 
to 27:1 are provided. All gears are 
hobbed for smooth operation. The 
differentials are available with or 
without antibacklash feature. Met- 
ron Instrument Co., 432 Lincoln 
St., Denver 3, Colo. 

Circle 460 on page 19 


Rheostat 


provides speed control 
for multi-motor drives 


Rheostat is for use on multi-motor 
drives where relative speeds be- 
tween motors must be maintained 
within specified limits. Rheostat 
affords reliable field control meth- 
od essential to service in textile, 





paper, steel mills and other process 
machinery. Assembly comprises a 
single or multi-deck 6, 8 or 13 in. 
steel rheostat with thru shaft 
and mounting bracket. Control of 
single or multiple circuits from a 
single assembly is possible. Unit 
provides up to 161 control steps 
per plate and requires % to 1% 
in-lb per plate operating torque. 
Ward Leonard Electric Co., Mount 
Vernon, N. Y. 

Circle 461 on page 19 


Self-Aligning Bearing 


for bolts or 
nonrotating shafts 





Self-aligning bearing consists of 
two pieces: A spherical ball with 
hole for bolt or shaft, and a one- 








MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


“ 
a 





Modern industrial <iectronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


. ota DEVICES, Inc 


Div. of 
4 Godwin Ave., Paterson, N. J 
ARmory 4-8989 
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How Rollpin cuts assembly césts 


by matching the insertion method to the assembly problem 





It’s as easy to insert a Rollpin® as it looks. And it’s fast any 
way you do it. You can use a hammer, hand tool, power tool 
or automatic equipment. Insertion cost is less because no 
precision drilling or reaming or secondary locking opera- 
tions are required. A hole drilled to normal production 
standards will do. 





Rollpin is a slotted, chamfered, cylindrical spring pin. It 
locks securely in place—and can be drifted out and reused 
over and over again. Rollpin replaces taper pins, straight 


*' . pins and set screws; for many applications it will serve as a 
oe 


ome OR me rivet, dowel, hinge pin, cotter pin or stop pin. 





. USE HAND TOOLS TYPICAL INSERTION AND REMOVAL FORCES IN STEEL 
FOR .250” DIAMETER ROLLPIN 


3 - Ps." cou 
p ge: 
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FORCE — LBS. 
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\LK 
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Ps me N 


cS 


0 5 1.0 15 2.0 15 1.0 ‘ 0 
LENGTH ENGAGED — INCHES 




































WHY ROLLPIN IS SELF-LOCKING. Here is graphic evidence of 
the forces that make Rollpin a truly self-locking spring type fastener 
that will remain tight under vibration until deliberately removed. 


*ee OR 
ELASTIC STOP NUT 
AUTOMATIC 
CORPORATION OF AMERICA 
EQUIPMENT Dept. R45-114, 2330 Vauxhall Road, Union, New Jersey 


Please send me the following: 


(] Rollpin installation data (] Here is a drawing of our fastening 
problem. What insertion method 
would you suggest? 
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HIGH TORQUE 


AND 
LOW SPEED 





The nei- ROPER 
HYDRAULIC PUMP-MOTOR 


ft Imyuoved INDUSTRIAL SERVICE 


Designed by the same engineers 
who developed the famous Roper 
Rotary Pumps, the new Roper 


the same principle using two equal 
size, smooth-running gears in a 


low-speed and high-torque (much 
needed in the hydraulic field), and 


to heavy-duty service within their 


motors ... they can be direct- 
connected without speed reducers, 
thus conserving space . . . they are 


are long on economy. Perhaps you 
have equipment that can be further 
improved with a Roper Hydraulic 
Pump-Motor. Send - all the facts 
today. 


1600 SERIES 





PERFORMANCE CHARACTERTISTICS 


Available in foot and flange mounted models. Recommended speed range 
on larger sizes is from 200 to 800 RPM with pressures to 800 PSI In this 
range, Roper units require from 7 to 40 GPM flow and will develop up to 
11.5 HP output at maximum speed and pressure. Smaller sizes may be 
operas up to 1200 RPM and up to 800 PSI which will require a flow 
of 16 GPM to develop up to 5 HP. 


SEND FOR BULLETIN 22 


>_> ———— 


GEO. D. ROPER CORPORATION © 25! Blackhawk Park Ave., Rockford, lil. 
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Hydraulic Pump-Motors operate on 
precision-fitted case. These units offer 
their versatility finds them well-suited 


operating range. They run equally well 
in either direction both as pumps or 


easily installed, easy to operate, and 


—_—— 
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piece outer race. Unit is for ap- 
plications where self-alignment is 
required for a bolt or nonrotating 
shaft in aircraft or similar struc- 
tures subject to deflection, twist- 
ing or vibration. Available in both 


| plain and rod-end types, unit has 


bore range of 3/16-in. to 3 in. and 
ultimate load range from 3000 to 
893,000 Ib. Ball is hard chrome 
plated. Race materials are high- 
strength bronze, steel or stainless 
steel. Southwest Products Co., 
1705 S. Mountain Ave., Duarte, 
Calif. 

Circle 462 on page 19 


Oil Pump 


piston-type unit 
has one moving part 


Continuous lubrication is provided 
by a rotating pump with an oscil- 
lating piston. Unit consists of a 
3 in. diam cylindrical housing con- 
taining a horizontal stepped piston. 
It is designed primarily for lubri- 
cation of machines with vertical 
drive shafts and is attached di- 





rectly to bottom of the shaft. 
Pump rotates in a fixed eccentric 
race in sump. Ends of piston, 
extending beyond diameter of 
housing, ride against eccentric 
race. Resulting oscillating action 
of piston draws oil into pump and 
feeds it under pressure into bore 
of drive shaft and to bearings. 
Bijur Lubricating Corp., 151 W. 
Passaic St., Rochelle Park, N. J. 

Circle 463 on page 19 


Switching Control 


provides low-power 
automatic switching 


Static switching control system 
accomplishes control functions 


usually performed by contact mak- 
ing devices such as relays. 


Sys- 
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Dynamic balancing of the rotating parts in National 
Torque Converters is just one of the processes of man- 
ufacture which assures peak performance. 


Dependable heavy-duty performance is engineered 


and built into National Torque Converters 


Heavy machinery demands exceptional torque con- 
verter performance. Examples of this are earth-handling 
and excavating equipment, mining, and oil field drilling 
equipment. 

To meet the most exacting service demands, in a 
wide variety of industrial applications, a full line of 
heavy duty National Torque Converters are available. 
These are designed and built with a broad range of 
performance characteristics and in horsepower ratings 
to match torque converter to prime movers of 100 to 
1000 hp in virtually any application. The torque 
converters are engineered for the specific equipment 
application. 

Precision fabrication of parts . . . exhaustive tests of 


component parts, of sub-assemblies, and of complete 
torque converters . . . assure long, trouble-free service 
of each National Torque Converter, with a minimum 
of attention from the operator and with minimum 
expense to the owner. 

That means that when you select a National Torque 
Converter to match a specific engine or motor in a 
specific application, you can be sure of duplicate results 
from each succeeding National Torque Converter en- 
gineered and built to the same specifications. 

National Supply engineers will gladly discuss Na- 
tional Torque Converters in relation to your equipment 
and make recommendations of exact size and torque 
capacity. Why not call on them? 


THE NATIONAL SUPPLY COMPANY 
INDUSTRIAL PRODUCTS DIVISION 


Two Gateway Center, Pittsburgh 22, Pa 
» y Tra 7 
rj 3 
LA | 
< 4 / 
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Pace-setters in the progress of 


‘ 


. industrial power transmission 
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‘Where Flexibility 
is Essential 

















RIGHT ANGLE ADAPTER 


® s ff Y 
To provide a connection for flexible Flexible Shafting 0 ers oll 
shaft control where space limita- 
tions do not permit a conjunction 
without bending the shaft into too 


small a radius. 





Direct alignment in either remote control 


H TYPE ADAPTER or power transmission. 


This adapter provides three outlets, 
which bles the running of three 





units from the same power source. 
Ball bearing construction enables 
this adapter to handle heavy loads. 


Less working units needed in flexible 


shafting direct grouping. 


BALL BEARING RIGHT 


ANGLE ADAPTER Sturdier construction but lighter weight. 
To provide a connection for flexible 

shaft control where a bend sharp 

enough to damage the shaft is re- 

quired. Ball bearing construction Write on your letterhead for our latest Flexible Shaft Manual 
enables the handling of heavier 

loads. 

DUAL DRIVE ADAPTER \ F W STEWART CORP 


To drive more than one unit from 
4311-13 RAVENSWOOD AVENUE: CHICAGO 13, ILLINOIS 


the same power source and to 
WEST COAST PLANT: 1638 So. FLOWER STREET - LOS ANGELES 15, CALIFORNIA 


provide two gear rativs from the 
same power source. 
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tem is designed to aid in automa- 
tion of low-power switching opera- 
tions. Consisting of complete line 
of sgatic components, unit pro- 
vides the five logic functions basic 
to intelligence switching: And, Or, 
Not, Memory, and Time Delay. 
Switching control can be furnished 
in component form or in complete 
panels and systems. Design per- 
mits unit to be combined with 
other regulating systems of static 
type, allowing co-ordinated overall 
static control. Fail-safe circuitry 
is provided and circuit will re- 
sume operation after power failure 
at same point in cycle where it 
left off. Static systems are useful 
where frequent or continuous op- 
erations are needed or where com- 
plex systems or adverse environ- 
mental conditions exist. General 
Electric Co., 1 River Rd., Schenec- 
tady 5, N. Y. 

Circle 464 on page 19 


Zinc Bright-Dip 
powder produces 
mirror finish 


One-dip process produces mirror- 
like, iridescent-free surface on zinc 
plating with no brighteners in zinc 
bath. Powder, known as Kenvert 
No. 16, operates satisfactorily in 
temperature range of 90 to 110F 
with no ventilation required. 
Bright-dip offers excellent corro- 
sion protection and unusual resist- 
ance to staining and fingerprints. 
Conversion Chemical Corp., Rock- 
ville, Conn. 

Circle 465 on page 19 


Snap-On Duct 
speeds installation 
and servicing of wires 


Snap-on duct simplifies installa- 
tion of control panel wiring. Unit 
is external, requiring no usable 
wiring space, and eliminates pos- 
(Continued on Page 172) 


November 29, 1956 





| 
| 
| 

















BUILDING BLOCKS 


for Accurate Springs 


ae nd 


ai 
——s 


4 


IMAGINATION 





QUALITY 
CONTROL 


CONVENTIONAL 


METHODS CRAFTS- 


MANSHIP 





Conventional, accepted standards of man- 
ufacturing springs are a building block at 
Accurate Springs. So are skill, craftsmanship, 
experience, quality control—and imagination! 
It all adds up to a better spring, at lower cost, 
held to closer tolerances—for YOU. 


ACCURATE SPRING MFG. CO. 
3824 West Lake Street 
Chicago 24, Illinois 


SPRINGS © WIREFORMS ® STAMPINGS 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 169 
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RED JACKET MANUFACTURING CO. LENNOX INDUSTRIES INC. W. M. WELCH MFG. COMPANY 
*"jet pumps cost less to ship”’ "we just install them and forget them”’ ‘eliminated heavy mounting frames” 
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K & S MANUFACTURING COMPANY ANTHONY MACHINE & ENG. SERVICE THE TRANE COMPANY BA 
*'stands up under roughest handling”’ ‘only motor versatile enough for us”’ “‘reduced product weight nearly 8 Ibs,” 
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RUTHMAN MACHINERY COMPANY 
“*more compact, yet full-powered”’ 





_anm he? 


ALBERTSON & CO.—SIOUX TOOLS MODINE MANUFACTURING COMPANY BARBER-COLMAN COMPANY 
"lighter, smaller—with power to spare”’ **dependable—in operation and delivery"’ "cut manufacturing costs 12%" 





AUTO-NAILER COMPANY 
ll-angle mounting cuts design costs’ 


"A 


BA 


R-BROOK MFG. COMPANY 
no re-oiling’ feature rates high’"’ 


G. C. BREIDERT COMPANY 
“as quiet as it is dependable”’ 


SOUTH BEND LATHE COMPANY 
‘top quality at competitive prices”’ 


LANCASTER PUMP & MFG. CO. 
**G-E motors help sell our pumps”’ 


TEMCO, INC. 
"light weight cut shipping costs”’ 


16 More Companies Say... 


@ LESS COSTS, MORE SALES wit 


Yes—16 more manufacturers, like yourself, have re- 
ported on the cost-savings and sales-increases they’ve 
realized by incorporating General Electric ‘‘ Years- 
ahead” motors into their products. 

They are representative of the thousands of companies 
who have realized similar benefits—adequate proof that 
this General Electric fhp motor can save you money— 
can make your product more saleable. 

And no wonder! The G-E “ Years-ahead”’ motor in- 
corporates a number of advanced design features to give 
you longer motor life, unsurpassed versatility, and a 


| sme Electric fhp motors 


lighter, smaller, more streamlined design to match your 
own modern product . . . for example—moisture resist- 
ant Mylar* polyester film insulation; dependable, 
all-angle sleeve bearings; doubled lubrication life; 
removable, rotatable cradle base; and many others. 


To find out how you can take greater advantage of 
these G-E motor benefits in your own product, contact 
your nearby General Electric Apparatus Sales Office, or 
write to General Electric Company, Section 702-30, 
Schenectady, N. Y. 


*Registered trade-mark of Du Pont Company. 
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Photo courtesy Nutone, inc, Cincinnati 


Engineers Develop 
New Use for Rubber 


Rubber, normally used to reduce vibration, 
now can be made fo increase vibration 


Here rubber grommets serve as 
mountings for the tone bars in 
Nutone Door Chimes. To obtain 
maximum tone quality and reso- 
nance required of these musical 
chimes, the grommets must vi- 
brate compatibly with the tone 
bars .. . a truly unusual assign- 
ment for rubber. 

Only by skillful compounding 
can rubber be diverted from its 
normal dampening characteristic 
and be given this vibrant quali- 
ty. The slightest deadening ef- 
fect would destroy the rich tones 
and kill the tone hang. 

The successful development of 
this lively, age-resistant rubber 


stock typifies the complete engi- 
neering and laboratory—as well 
as manufacturing—skill avail- 
able at Continental. Whenever 
you need “engineered rubber 
parts’ — molded or extruded, 
natural or synthetic—call Con- 
tinental, Specialists since 1903. 
Engineering catalog. 

In addition to custom-made 
parts, Continental offers an ex- 
tensive line of standard grom- 
mets, bushings, bumpers, rings 
and extruded shapes. Hundreds 
of these are shown in the No. 100 
Engineering Catalog. Send for a 
copy or refer to it in Sweet’s 
Catalog for Product Designers. 


Ctuther akivomnt in POBBLER 





CONTINENTAL RUBBER WORKS 


onginened 6 CONTINENTAL 


* 1984 LIBERTY ST 


* ERIE 6 + PENNSYLVANIA 
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sibility of shorts to fastener and 
mounting screw. Cadmium plated, 
U-shaped spring clip fastens to 
control panel with screws. Duct 
snaps into clip, wiring fits into 
duct slots, and cover snaps onto 


4 


Se 





duct. Cover may be removed by 
pressing in on clip. Duct provides 
easy method of inserting and re- 
moving wires since they may be 
snapped in and out of duct with 
lugs attached, eliminating need for 
threading wires through side of 
duct. Panduit Co., 10132 S. Wash- 
tenaw, Chicago, IIl. 

Circle 466 on page 19 


Threaded Cast Iron 


has tensile strength 
to 45,000 psi 


This threaded stock is of alloyed 
and processed close-grained cast 
iron, free from blow holes, and is 
heat-treated and stress relieved for 
tensile strength to 45,000 psi. High 


graphitic content material has 
high wear resistance and long serv- 
ice life. Processed from 12 in. bar 
and threaded for 11 in., the stock 
is available in 8 diameters. Special 
sizes and pitch diameters are also 
available in alloy and low carbon 
steel, nonferrous and_ stainless 
steel. Claude Sintz Inc., 1928 Stan- 
ley Ave., Detroit 8, Mich. 

Circle 467 on page 19 


Time Switch 


controls on-off cycles 
during 24-hour period 


TSA 555 time switch with multiple 
tripper dial has flexibility of time 
setting to permit use where varied 
on-off schedules are required dur- 
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FOOTE BROS. 
LINE-O-POWER SPEED REDUCERS 










Standardized interchangeable gearing — by Foote 
Bros. — lets you specify and get the particular re- 
ducer you want, in the quantities you need, direct 
from stock! Duti-Rated Lifetime Gearing in a com- 
plete range of interchangeable sizes, ratios and 
capacities are stocked and ready for assembly. = 
Capacities range up to 200 H. P., ratios to over mean faster deliveries from stock! 


t we 
a am Flag 
: an 






2700 to 1. Standard foot and flange type cast hous- This tredemerk 
ings are stocked, too, for straight or right angle stands for the fees? 
drives, The drives you want are assembled from ‘iedestriel gearing made! 


stock components and shipped as soon as your 
order is received. For a complete index to the al- 
most endless variety of Line-O-Power reducers 
immediately available, write for your copy of the 
Line-O-Power catalog today. See for yourself how 
you can get more for your drive dollar . . . faster! 





EQDIESBROS. 


4545 South Western Boulevard, Department. O-Xhicago 9, Iilinois 
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New manufacturing process 
improves performance of 
CHROMALOX 
Electric Strip Heaters 


An improved manufacturing process, combined 
with a newly developed refractory material, 
offers you the finest performance in strip heaters. 
Rugged and long lasting, they are industry's 
workhorse among heating elements. 


So when you use the improved line of Chroma- 
lox Electric Strip Heaters, you’re assured of even 
better performance in the heating of platens, 
dies, kettles, tanks, ovens, air ducts and other 
applications that require dependable, accurately 
controlled heat . . . where and when heat is 
needed. 


Let the Chromaliox Sales-Engineering staff 
solve your heating problems— electrically. 


Write for your copy 
of Catalog 50 


This data-packed catalog covers 
the design, uses and prices of 
the complete line of Chromalox 
Electric heaters, elements, ther- 
mostats, contactors and switches. 

To get short factual material 
on many additional applications 
of electric heat, send for Booklet 
F1550 “101 Ways to Apply Elec 
tric Heat.” 


Edwin L. Wiegand Company 


7575 Thomas Boulevard, Pittsburgh 8, Pa. 





EDWIN L. WIEGAND COMPANY 
7575 Thomas Boulevard, Pittsburgh 8, Pa. 
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ing a 24-hr period. Such applica- 
tions include heating, air condition- 
ing, refrigeration and operation of 
automatic machines. Trippers are 
permanently fixed in the timer dial, 
but can be removed and relocated 
with a screwdriver. Slots are lo- 
cated at each 14-hr point on the 


dial. Minimum on time is 15 min- 
utes; minimum on-off cycle, 45 
minutes. Voltage for the timing 
device is 120, 240 or 480, and fre- 
quency is 60, 50 or 25 cycles. Pow- 
er source is a 4-w motor that op- 
erates at temperatures from —50 
to 150 F. Optional features include 
a weatherproof case for outdoor 
applications, an omitting device 
and a pair of intermittent contacts 
which provide undervoltage protec- 
tion and automatic sequence re- 
starting if power fails. General 
Electric Co., Instrument Dept., One 
River Road, Schenectady 5, N. Y. 

Circle 468 on page 19 


Lead-Plastic Compound 


is harder and 
more rigid than lead 


Lead-plastic compound is_ both 
harder and structurally more rigid 
than pure lead. Known as Lead- 
cast, material may be molded with 
any metallic inserts with excellent 
bonding. Molded shape tolerance 
is +0.005-in. and surface is 


co 





smooth, requiring no finishing. Ma- 


terial is inert to oxidation or other 
corrosive contamination. Amount 


of lead can be up to 95 per cent 


by weight; hardness can be con- 
trolled from that of a semirubber 
like material to the hardness of 
cast aluminum. Applications are 











YOU WOULDN'T BUY 


A HAT THAT’S 
T00 BIG! 





SO WHY BUY A CONTROL 
THAT'S THE WRONG SIZE? 


FURNAS 


MAGNETIC CONTROLS 
GIVE YOU 


CORRECT CAPACITY 
FOR THE JOB! 


The many in-between sizes in the 
Furnas Electric starter line let you 
select the motor control that is best 
suited for your particular require- 
ments—with no wasted capacity and 
expense. Match the starter to the 
job and save up to 25%. For proof, 
compare the 9 sizes of the Furnas 
Electric starter line with the 5 sizes 
normally offered. And you can save 
up to 40% in space by using the 
correct size starter. 





For more information write 
for Bulletin 5530 — 1045 
McKee Street, Batavia, Il. 








All 
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95-ton casting for counterblow forging hammer 


This steel casting is of interest for 
several reasons, not the least of 
which is its size. By any standards 
it is a big one—approximately 223 
in. long, 202 in. wide, 28 in. deep. 
As you see it here it has been planed 
on both sides, and the pockets on 


the side facing the camera have’ 


been milled out. 

The huge casting will be used as 
the base plate of a counterblow forg- 
ing hammer. The intricate piece was 
cast in one of the Bethlehem found- 
ries, then moved to a neighboring 


Bethlehem shop for machining. The 
plans called for a finished weight of 
189,000 Ib—almost 95 tons. 

Heavy castings like this have been 
a Bethlehem specialty for years. In 
design they have ranged from the 
very simple to the highly complex 
and difficult. You will almost always 
see many unusual types of castings 
in Bethlehem’s foundries and ma- 
chine shops, which are equipped to 


handle an unlimited variety of work. 
If your own jobs require steel, 
iron, or bronze castings, large or 
small, we suggest that you be sure to 
investigate the services Bethlehem 
offers. They leave nothing to chance. 
When you are next in the market, 
we will welcome your inquiries. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products ore sold 
by Bethlehem Pacific Coast Steel Corporation. Ex- 
port Distributor: Bethlehem Steel Export Corporation 


‘BETHLEHEM STEEL 
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Oil seals are precision 
products. They are designed to operate under a spe- 
cific set of conditions. Change just one of those con- 
ditions—lubricant, shaft speed, temperature, even 
and a different seal will almost 





bearing position 
always be needed. 

Why chance costly retooling or remanufacture? 
Specify the correct seal on the drawing-board. And 


NATIONAL SEAL 
DIVISION, Federal-Mogul-Bower Bearings, Inc. 


GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio and Redwood City, California 


The drafting stage—not later— 
is the time to design-in oil seals! 





when you do, get all the information there is on new 
seals, new lip compounds, and mechanical designs. 
Get it from your National Oil Seal Engineer. His 
counsel is complete, up-to-the-minute, and accurate. 
You couldn’t buy better oil seal information, yet his 
help is yours for the asking. 

Why “do it yourself?” Call the nearest National 
Oil Seal Engineer now. 








CuIcaco, ILL. Room 462, McCormick Building, HArrison 7-5163 
CLEVELAND, OHIO . 210 Heights Rockefeller Bidg., YEllowstone 2-2720 
Derrorrt, MICH. 13836 Puritan Avenue, VErmont 6-1909 
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. 2802 North Delaware St., WAlnut 3-1535 
647 West Virginia Street, BRoadway 1-3234 
1180 Raymond Bivd., Mitchell 2-7586 


INDIANAPOLIS, INDIANA . 
MILWAUKEE, WIs. 
NEWARK, N. J. 
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New Parts 





containers for high-energy radia- 
tion sources with metal compo- 
nents molded in, housing shielding 
on instruments, and shipping con- 
tainers for isotopes or fissionable 
materials. Material may be formed 
into construction sizes from wall 
tile to 4 x 8 ft panels. Telectro 
Industries Corp., 35-18 37th St., 
Long Island City 1, N. Y. 

Circle 469 on page 19 


Potentiometer 


subminiature unit 
for printed circuits 


Subminiature potentiometer, Model 
205, has round-pin terminals for 
insertion into punched holes in 
printed circuit boards. Terminals 
are gold-plated copper, 14-in. long, 
0.028-in. in diameter and spaced in 
0.1-in. multipies. Units are mount- 





ed with 2-56 screws through body 
eyelets or by pins only. Poten- 
tiometer dissipates 0.25-w at 50C; 
maximum operating temperature is 
105 C. Capacity is from 10 ohm 
with 2.0 per cent normal resolu- 
tion to 20,000 ohm with normal 
resolution of 0.2 per cent. Design 
also includes 25-turn screwdriver 
adjustment and self-locking shaft. 
Unit has excellent shock, vibration 
and acceleration characteristics, 
and meets or excels most govern- 
ment specifications. Bourns Labo- 
ratories Inc., 6135 Magnolia Ave., 
Riverside, Calif. 

Circle 470 on page 19 


Rotary Pump 


handles highly 
corrosive liquids 


Low-capacity positive displace- 
ment pump of corrosion-resistant 
metal is designed for movement of 
fluids such as hydrofluoric acid, 
hypochlorites, and hydrochloric 
acid. Pump is of corrosion resist- 
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“The €6C0 Engineer said, 


‘Shelicast 
this Part’ 







..we did and we reduced our costs 80%!" 


“When the ESCO Engineer said, 
Shellcast sis part, we at Kenworth 
Motor Truck Co., Division of Pacific 
Car and Foundry Co., here in Seattle 
nearly ‘jumped out of our chairs’. 
Here was a transmission component 
with many different machined and 
ground surfaces, so critical, in fact, 
that we had previously been hard 
plating them for extra wear after 
they were machined...our transmis- 
sion gear-selector bell-cranks had to 
be that good. 

“Shellcast more than surprised us 
for surfaces were so smooth, toler- 





Manufacturing Plants 
2183 N.W. 25th Avenue 
Portiand 10, Oregon 


Other Offices and 


1017 Griggs Street 
Danville, Iilinois 


Circle 591 on page 19 


ESCO International and Eastern Sales: 
420 Lexington Avenue, New York City, N.Y. 


Warehouses 
Los Angeles, Son Francisco, California; Seattle, 
Spokane, Washington; Salt Lake City, Utah; 
Denver, Colorado; Centralia, Pa.; Houston, Texas; 


ances so close and differential hard- 
ening processes so exacting that we 
have since eliminated a// grinding, 
all plating and over 60% of all for- 
mer machining operations. You can 
well imagine why we are now Shell- 
cast enthusiasts.” 

Yes, an ESCO Engineer can help 
you save valuable machining and 
finishing time on many parts. Call 
him today, let him look over your 
drawings, he is experienced in help- 
ing others cut production costs with 
ESCO Shellcast. 

Write for FREE booklet—"“CUT PRODUCTION 
COSTS WITH ESCO SHELLCAST” 


ELECTRIC 
STEEL FOUNDRY 
COMPANY 


Eugene, Oregon; Honolulu, 
Howsaii. 

: In Canada, ESCO Limited 
Manufacturing Plants 
Vancouver, British Columbia 
and Toronto, Ontario 
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Westinghouse pilot plant for precision castings 
speeds development, saves capital investment 


Incubator for 
casting ideas 


To help you prove your precision casting 
ideas and developments under production 
conditions, Westinghouse invites you to use 
its new pilot plant facilities at Blairsville, Pa. 
Thus you can speed your metals programs 
without heavy capital investment. 

Westinghouse will also assist you in creat- 
ing prototype quantities ...or give you fast, 
dependable delivery on production quantities 
of precision investment castings (lost wax 
process), shell-mold castings and powder 
metal parts. 

Consider molded metal parts for your prod- 
uct Components requiring intricate shapes, 
close tolerances, difficult machining opera- 
tions or component assemblies. Westinghouse 
has skilled metals engineers with broad ex- 
perience to help show you the way to improved 
products, lower costs. 

Send today for further details and a copy of 
DB 52-500. Also enclose a photo, drawing 
or sample of the part you want evaluated. No 
obligation. Westinghouse Electric Corporation, 
3 Gateway Center, P. O. Box 868, Pittsburgh 
30, Penrisylvania. J-05002 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING TODAY! 


Circle 592 on page 19 











New Parts 





ant Hastelloy C, equipped with in- 
ternal Teflon bearings and pack- 
ing, and impeller materials of Tef- 


i328 7 





lon, Neoprene, Hypalon or For- 
mica. Rated capacity is 10 gpm. 
Pump will handle fluids with vis- 
cosity to 900 SSU at temperatures 
to 250 F and is available with a 
wide range of mountings and 
drives. Eco Engineering Co., 12 
New York Ave., Newark 1, N. J. 

Circle 471 on page 19 


Free Gyroscope 


withstands 50 g 
shock loads 


Free gyroscope has unusual rug- 
gedness and insensibility to mount- 
ing and dynamic loads. Instrument 
has a cast-steel frame mounted in- 
side a structural outer shell having 
integral CG mounting flange. 
Shock specification is 50 g in all 


SA 


axes; drift rate is less than 18 min 
of arc per minute; and potentiom- 
eter pickoffs which supply outputs 
up to 70 v for telemetering and 
control operations have linearity 
of +0.5 per cent and resolution of 
0.09-deg. Remote electrical caging 
mechanism automatically returns 
gimbals to fixed reference position. 
Available as single unit or as pair 
in free gyroscope set for indication 
in the three major axes, motor is 
powered by 115, 200 or 26-v three- 
phase 400-cycle current. G. M. 
Giannini & Co. Inc., 918 E. Green 
St.. Pasadena 1, Calif. 

Circle 472 on page 19 








MACHINE DESIGN 











XUM 


EVERY MINUTE 


START AND STOP CYCLES OF AUTOMATIC 
RPM WRAPPING MACHINE DRIVE 


3000 
2000 


1000 


6 
SECONOS 


RELIANCE 


he 








The Dow Chemical Company’s production of “Saran 
Wrap” has leaped from 130,000 rolls to 4,000,000 rolls a 
month since 1951. This up-swing is due to a new plant, a 
new flow system, and additional equipment including new 
machinery equipped with Reliance V*S Drives. 


One of the most dramatic applications of V*S Drives is 
on the final wrapping machines shown here. The drives 
must be able to start, accelerate to 3500 rpm., and stop 
more than 20 times a minute. 


The most important feature, though, is not the frequent 
starts and stops, but the delicately controlled acceleration 
of the drives. “Saran Wrap” is only 1/6th as thick as a 
human hair, and sharp or jerky starts will cause a break 
in the sheet and halt production. Reliance Drives do the 
job day in and day out without a single break due to 
uncontrolled acceleration. 


This feature of V*S Drives, called Dynamic Response, is 
only one of the many facets of Reliance Drives. V*S Drives 
can regulate tension, synchronize operations, control speed 
rates, and automatically program speed changes. 


Whether you handle a thin film of plastic or steel billets, 
on a complete production line or a single machine, Reliance 
can give you better quality, more production, and lower 
costs through Variable Speed Drives. ‘eaines 


Write for bulletin D-2311. 


RELIANCE treweeen ee 


DEPT. 2811A, CLEVELAND 10, OHIO ° OFFICES IN PRINCIPAL CITIES 
Canadian Division: Welland, Ontario 
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UNDERWRITERS 
LABORATORIES 
test and approve 


new DINGS 
Explosion-Proof 
Magnetic Dise Brakes 


for 


Hazardous Locations 


The new Dings “700” Series Explo- 
sion-proof Magnetic Disc Brakes are 
now Underwriters Laboratories Ap- 
proved ... the “707” Series for Class 
I, Group D hazardous locations . . . and 
the “709” Series for Class I, Group C 
as well as Class II, Groups E, F and G. 





The “707” Series Brakes are built to 
withstand an internal explosion within 
U.L. limiting requirements. The “709” 
Series meets explosion requirements, 
and also includes a thermal release to 
automatically release the brake if the 
housing temperature approaches the 
limits set by U.L. as dangerous for 
possible ignition of various dusts, etc. 


IMPORTANT FEATURES 


® Direct Acting mechanism assures fast 
response, positive action and elimina- 
tion of troublesome linkages. 


® Automatic reset manval release as 


*. A A 
2 yw 





© “Fail Safe” mechanism; brake sets in 
the event of power failure. 

® Wide range of torque ratings. 

® Motor ts on standard NEMA “C” 
end shield. 

® Standard motor shaft extensions are 
used; no special brake shaft required. 





The new Dings “700” Series Brakes 
can be supplied for motor mounting or 
for foot mounting. Specify Dings 
Brakes from your regular motor sup- 
plier . . . or ask about Dings complete 
engineering service for your brake 
problems. 


Write for Bulletin BK 4707 


DB356"5 


DINGS BRAKES, INC. 
A SUBSIDIARY OF DINGS 
— MAGNETIC SEPARATOR CO. 
4714 West Electric Avenve 
oO Milwaukee 46, Wisconsin 


Circle 594 on page 19 
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ENGINEERING 
DEPARTMENT 


EQUIPMENT 


Vacuum Gage 


has pressure range from 
25 microns to 1 x 10°’ mm Hg 


Single-station, discharge-type vacu- 
um gage gives continuous pressure 


readings over range from 25 mic- 


rons to 1 x 10-7 mm Hg. Instru- 
ment has low-current sensing tube, 
printed circuitry, automatic volt- 
age regulation and terminals for 





driving a potentiometer-type re- 
corder. Unit measures total pres- 
sure of condensable vapors and 
permanent gases on three scales. 
It measures 6 1% in. high, 11 in. 
wide, 6 in. deep, and weighs 12 lb. 
Power required is 115 v, but unit 
is adaptable to 230 v. Consolidated 
Electrodynamics Corp., Rochester 
Div., 1775 Mount Read Blvd., 
Rochester 3, N. Y. 

Circle 473 on page 19 


Thermometer 


has a range of 
50 to 1000 F 


Maximum-minimum surface tem- 
perature thermometer has two 
auxiliary pointers showing maxi- 


HEATED SURFACE 








mum and minimum excursions of 
the thermometer over any period 
of time. Temperature range is 50 

















Compact, Efficient 





a 


meet SE 
a 


DRIVE POWER 


with the Philadelphia 


( ZEAR MotToR 


These modern GearMotoRs offer the 
simplest, most reliable and compact 
machinery drives obtainable... fea- 
turing real economy in lowered original 
cost, and reduced maintenance through 
long years of trouble-free service. 
Philadelphia GearMotoRs are extremely 
compact and efficient. They are highly 
resistant to moisture, chemical fumes 
and abrasive dusts... Helical gearing 
with crown-shaved teeth assures ultra- 
fine surface finish, controlled contact at 
center of teeth, plus long, silent service 
life ... Two-way seals lock-in oil and 
lock-out dirt...Heavy shafting of 
heat treated alloy steel eliminates 
bending or twisting under heavy loads 
. .. Oversize thrust bearings can handle 
big overhung, loads... gear units and 
integral motors conform to AGMA 
and NEMA Standards. 

Be convinced, send for Catalog 
GM-560 which fully describes and 
illustrates the new Philadelphia 
GearMotoRs, Utility type GearMotoRs, 
In-Line Reducers, and Motorized 
Worm Gear Drives. 

















UNIT TYPE RATIO 
SINGLE 1.25:1 
REDUCTION to 5.06:1 
DOUBLE 6.20:1 
REDUCTION to 31.4:1 
TRIPLE 38.5:1 
REDUCTION to 158.9:1 

















phillie gear’ 
PHILADELPHIA GEAR WORKS, INC. 
ERIE AVE. & G STREET, PHILADELPHIA 34, PENNA. 
Offices in all Principal Cities 
INDUSTRIAL GEARS & SPEED REDUCERS 
LIMITORQUE VALVE CONTROLS 
FLUID MIXERS « FLEXIBLE COUPLINGS 


thine Corp. ¢ Lynchburg, Vo. 





Virginio Geor & M 
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THE POWER-RATED 
SYNCHRON LINE 





NEW 


A TIMING MOTOR 


FOR EVERY JOB 








8 IN. OZ. TIMING MOTOR 


Widely used in timing machines, time 
switches, heating and air conditioning 
controls, action signs, recording ther- 
mometers, and other timing devices. Guar- 
anteed to pull 8 in. oz. direct load con- 
tinvously at 1 r.p.m. 


20 IN. OZ. TIMING MOTOR 


Ideal for timing motor applications re- 
quiring continuous high torque power. 
Instant starting, dependable accuracy, 
and flexible installation. Call for Syn- 
chron’s guaranteed 20 in. oz. at 1 r.p.m. 
power when your job calls for long, con- 
tinuous torque. 


1 R.P.H. TIMING MOTOR 


Guaranteed to pull 20 in. oz. at 1 r.p.h, 
(1/60 r.p.m.) Synchron’s especially 
developed motor for slow motion timing 
applications. Eliminates need for extra re- 
duction gears between 1 r.p.m. and 1 
r.p.h. in intermittent time trains. Gives 
gear train with lifetime lubrication; en- 
closed and trouble-free. 

















wom 


SYNCHRON TIMING MACHINES 


An almost unlimited number of shoft 
speeds. Synchron Motor fixed to a rigid 
frame. Easy to mount and connect in any 
position. Trouble-free, accurate. Drives 
everything from liquid recorders to pro- 
gram clocks and washing machine timers. 


SYNCHRON CLOCK MOVEMENTS 


For standard and office clocks, sign 
clocks, novelty clocks, and clocks of all 
kinds up to 26” in diameter under glass. 
Split-second accuracy and long wearing 
construction, never needs oiling. Fur- 
nished with front, rear or bottom set, 


MAGNA-TORC D.C. MOTOR 

Designed originally for use in aircraft in- 
struments and radio control mechanisms. 
During World War Two the Hansen 
Magna-Torc proved its rugged depend- 
ability in all altitudes and in all climatic 
conditions. Now this motor is being 








Highlights complete versatility of famed with or without dustproof case. adapted ta many commercial applica- 
Synchron Line. tions. 








S m 
h Werkhorse of the industry” 
*Synchron synchronous motors operate smoothly, evenly in any position; at 


temperatures from —40° to -+-140°F.; start instantly under load; pull up 
to 20 in. oz. at | RPM. Available in 42 speeds from 0.8 RPM to 600 RPM. 


Synchron timing motors in all speeds available for prompt delivery 


SYNCHRO: = 


HANSEN MFG. CO., INC. 3°) 


OUR SOTH YEAR a y | 


FACTORY REPRESENTATIVES: The Fromm Co., 5254 W. Madison St., Chicago, Ill. @ R. H. Winslow Assuc., 123 E. 37th Su, 
New York, N.Y. @ Electric Motor Engineering, Inc., 8255 Beverly Blvd., Los Angeles 48, Cal. and 3907 Lyon Ave., Oakland, Cal 
*H. C. Johnson Agencies, Inc., Rochester, Buffalo, Syracuse, Binghamton, N.Y. 


SYNCHRONOUS MOTORS, TIMING MACHINES, 
CLOCK MOVEMENTS, MAGNATORC D.C. MOTORS 








———— 












Princeton 12, Indiana 
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design data 
REPRINTS AVAILABLE FROM JIDCHINE DESIGH 


Listed below are 18 different reprints of major 
articles which have appeared in MACHINE 
DESIGN . . . each a valuable supplement to 
your “working” library. To get your copies, 
simply indicate the desired number in the box 
opposite each title, fill in your name and ad- 
dress below, and send this form to MACHINE 
DESIGN Reader Service, Penton Building, 
Cleveland 13, Ohio. (Remittance enclosed will 
insure faster handling of your order.) 


USE THIS FORM TO ORDER YOUR COPIES TODAY! 





Number Price Per 
Copies Copy 
(___} DIRECTORY OF MATERIALS—18th Edition $1.00 
(____) PRODUCTION CHARACTERISTICS OF ENGINEERING 

METALS 1.00 
(___) ADJUSTABLE-SPEED ELECTRIC-MOTOR DRIVES 1.00 
(___) MECHANICAL ADJUSTABLE-SPEED DRIVES 1.00 
(___) INTERNAL COMBUSTION ENGINES 1.00 
{____) NONMETALLIC GASKETS 1.00 
(___) QUALITY CONTROL METHODS 1.00 
(____) WHY MACHINE PARTS FAIL 1.00 
(____) STRESS ANALYSIS IN DESIGN 1.00 
(___) MULTIPLE CIRCUIT SWITCHES 1.00 
{___) ELECTRICAL CONNECTORS 1.00 
{____) TRANSACTIONS OF THE FIRST CONFERENCE ON 

MECHANISMS Free 
(____) TRANSACTIONS OF THE SECOND CONFERENCE 

ON MECHANISMS Spay 1.00 
(____) MECHANISMS FOR INTERMITTENT MOTION 1.00 
(___) POLYDYNE CAM DESIGN . 1.00 
(___) PRECISION GEARING 1.00 
(___) EVALUATING ENGINEERS 1.00 
(____) ENGINEERING MANAGEMENT 1.00 
MACHINE DESIGN TOTAL COPIES 
Reader Service 
Penton Building $ TOTAL ORDER 


Cleveland 13, Ohio 


() Remittance enclosed [(] Please bill me 


NAME 





TITLE 





COMPANY 





ADDRESS 





cITY ZONE EE 
(Add 3% to all orders for delivery in Ohio te cover State Sales Tax.) 

















| 








Engineering Equipment 





to 1000 F. An Alnico magnet is 
provided for attachment to ferrous 
surfaces when the thermometer is 
used vertically. Calibration is ac- 
curate to within +2 per cent, and 
the unit can be recalibrated when 
necessary. Diameter is 134 in.; 
unit weight is 4%-oz. Pacific Trans- 
ducer Corp., 11836 W. Pico Blvd.. 
Los Angeles 64, Calif. 

Circle 474 on page 19 


Power Positioner 


high-speed unit has 
large torque capacity 


Power positioner for remote posi- 
tioning systems features torque 
capacity independent of _ error- 
signal magnitude, high speed oper- 
ation without overshoot or oscilla- 


, 





tion and small size actuator with 
high torque capacity. Unit has 
excellent positioning accuracy with 
low dead band and operates on 115 
v ac, 60 cycle current. Globe In- 
dustries, Inc., 1784 Stanley Ave- 
nue, Dayton 4, Ohio. 

Circle 475 on page 19 


Power Supply 


provides infinitely 
variable output 
AC power supply features a fuse- 


protected variable auto-transform- 
er, neon pilot light and 414 in. volt- 


| 





meter with essentially linear scale. 
Nominal input is 115 v, 60 cycles; 
output rating is 3 amp; voltage is 
infinitely variable from 0 to 135. 
Slaughter Co., Piqua, Ohio. 

Circle 476 on page 19 
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Western Gear Torq-Master Transmission, for use with Right angle speed reducer 


torque converters 





Right angle vertical pump drive High speed unit 


| Wesrenn CTIV-S 
p rod u ctai ! 








Western Gear Pinion Stands for rolling mill drives Gearmotor, available in many sizes and capacities Gears to 24’ in diameter 


Correct design and quality workmanship is a Western Gear characteristic 
since 1888. For custom engineering, special machinery for virtually 

every industry, gears of all types and sizes plus a complete line 

of electro-mechanical industrial products, Western Gear is your best 
source. Our 68 years of experience is always available to help 

with your problem. No obligation! Address General Offices, 

Western Gear, P.O. Box 182, Lynwood, California. 


“The difference is reliability” * Since 1888 


Wesrern Gear 


PLANTS AT LYNWOOD, PASADENA, BELMONT, SAN FRANCISCO (CALIF.) 
SEATTLE AND HOUSTON—REPRESENTATIVES IN PRINCIPAL CITIES 





183 





November 29, 1956 Circle 598 on page 19 


XUM 








HELPFUL DESIGN INFORMATION 


The articles listed below have been reprinted from 
MACHINE DESIGN and are now available at no charge 
from the Reader Service Department. 


. HYDRAULIC SYSTEM COMPONENTS 
by W. T. Stephens 
Points to consider in selecting hydraulic cylinders, motors, 
pumps, valves, connecting lines, reservoirs, and accumulators 


(8 pages) 
2. BRAKE DESIGN 


by Reiner J, Auman 

A data sheet which by means of vector analysis and design 
charts simplifies the block and shoe type brake design prob 
lems. (8 pages) 


3. INVOLUTE GEAR TEETH 


by Allan H. Candee 
A new, simpler and more direct method of determining 
thickness of involute gears—complete with tables. (12 pares: 


4. CAM MECHANISMS 


by Ray C. Johnson 
Procedures for designing the optimum physica! cam mechanism 
for high speed machinery operation. (7 pages) 


5. MULTIPLE-DISK CLUTCHES AND BRAKES 


by Howard 8. Huntress 

A summary of multiple-disk clutches and brakes including «>» 
cussions of application factors, torque relationships. mechanica: 
considerations, and wet clutch design. (10 pages) 


6. HELICAL COMPRESSION SPRINGS 


by Edwin F. Smith 
Helical compression spring design is simplified by use of an =x 
tensive series of tables. (12 pages) 


7, ELECTRIC MOTOR BRAKING 
by John C. Ponsting! 
Factors to be considered in determining electric moutor braking 
—primarily all-electrical methods are reviewed and compared 
with other braking processes. (11 pages) 


8. GEAR RATIOS 


by Ame Benson 
A new graphic tool called the rational plane presents an easier 
solution to gear ratio problems. (12 pages) 
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Please send me the reprints as indicated. + 
understand there is no charge for copies ao 
long os the supply lasts 





READER SERVICE 
Penton Building 


Cleveland 13, O. 














NAME 
Circle the reprints 
you want riTLe 
1 5 
2 6 COMPANY 
3 7 ADDRESS 
4 8 city ZONE STATE 











THE ENGINEER’S 


Library 


Recent Books 


Smoley’s Four Combined Tables. 
By C. K. Smoley; 1424 pages, 5 by 
6% in., clothbound; published by and 
available from C. K. Smoley & Sons 
Inc., Chautauqua, N. Y.; $12.00 per 


copy. 


This volume is a combination of 
four separate volumes of mathe- 
matical tables. Individual volumes 
and their subjects are as follows: 


Parallel Tables of Logarithms and 
Squares. 688 pages, $6.00 per copy. 

Logarithmic Trigonometric Tables. 
200 pages, $1.50 per copy. 

Parallel Tables of Slopes and Rises. 
532 pages, $6.00 per copy. 

Segmental Functions. 
$5.00 per copy. 

Three Combined Tables (first three 
books combined). 1124 pages. $10.00 


per copy. \ 


436 pages. 


Edited by H. B. Maynard, president, 
Methods Engineering Council, Pitts- 
burgh, Pa.; 1504 pages, 6 by 9 in., 
clothbound; published by McGraw- 
Hill Book Co. Inc., 330 W. 42nd St.. 
New York 36, N. Y.; available from 
MACHINE DESIGN, $17.50 postpaid. 


) Industrial Engineering Handbook. 


This handbook presents a treat- 
ment of the entire field of indus- 
trial engineering, including its de- 
velopment and function, its place 
in management and its organiza- 
tion. Also discussed are methods, 
motion-time analysis, wage admin- 
istration, production costs, quality 
control, product design, estimating. 
cost-reduction procedures and re- 
search. 


New Standards 


Design for Fine-Pitch Wormgear- 
ing, AGMA $74.08, ASA B6.9-1956. 
20 pages, 8% by 11 in., paperbound; 
published by and available from 
American Society of Mechanical En- 
gineers, 29 W. 39th St., New York 18. 
N. Y., $1.50 per copy. 


This design standard is for 
wormgearing within the pitch 
range of 0.030 to 0.160-in. and 0.5 
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Design “Low Cost” 
Into YOUR Equipment 


ITS 


World's Largest Selection of 
ou Coat Lubricating Devices 











¥ 


iPS FOR ATTACHING q 





SIGHT 
BING 2 GRAVITY 
en ordering, FEED 
% Ye" Single Clips OILERS 
* tubes. 
nT ATS pear 
J Or RS flow regulat- 
Te ed by needle 
ae valve, direct- 
Ss ly observed 
3-Tube Clips through sight 
a glass in stem. 
EXTY TR Shut-off knob does not affect 
4-Tube Clips needle valve adjustment. Visi- 


ble oil supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 





Double Clips — Wing Type 





SIGHT GAUGES 






SIGHT For use where rate of 
GRAVITY | oil flow must be reg- 
FEED ulated to suit changing 
MULTIPLE _ ~ operating conditions. 
OILERS 1 f Needle 





valve 
S permits 
extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct. observation of 
rate of oil flow. Accu- 






one unit replaces 3 to 8 
vidual oilers. Maximum 
clicality in a small central 
brication system. Positive cut- 
during idle periods. Individ- 
ll vibration-proof needle valve 
ustments. With solenoid con- 
eaeated) Style MDS— 
4685-A. Without solenoid: 


















Style PF—No: 4290. 












U DF eee . ‘ 4 }- 18 ee 

ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 

. bin are clearly described 
on Inside Cover. 


Special Introductory Price ( 


Just $1425 F.0.B. Factory 
Satisfaction or your money back 















CASE 
GAUGES 










This oil gauge plug permits in- 

stant checking of oil level within 

a transmission or gear case. For 

i use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 

| Style BW—No. 4042. 

t 





Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 

















Gi1Ts BRos. Mrs. Co. 
The Standard For Industry For Almost Half A Century 


1868-C Seuth Kilbourn Avenve 
Chicago 23, Illinois 

























Clip this page for handy “rough refereace™, 
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COUNT-REGULATED 
CIRCUIT CONTROL 


WITH 


AUTOMATIC RECYCLING 





CYCLO-MONITOR 


COUNTS: Shaft Revolutions 
Lever Strokes 
Electric Impulses 


CONTROLS: Machines and processes 
On a repeat cycle basis. No reset re- 
quired. No pause or lag in recycling— 
even at continuous speeds. Positive 
gearing throughout. Integral, SPDT 
switch transfers as shown in typical 
cycle diagram below: 





CYCLO-MONITOR 
Write for Bulletin 202-1 











0 
| COUNT-CYCLE ai AUTO. 
ADJUSTABLE TO 4000 COUNTS oe Fi REPEAT 
N. 0. = 
SWITCH OPEN a 
SWITCHING 
SWITCH CLOSED INTERVAL 
N. C, 
| —— COUNTS —e= 
0 


PROGRAMONITOR 


An advanced recycling, 
circuit-controlling counter 
for complex and irregular 
switching patterns with any 
number of intermediate 
switching points. Complete 
flexibility for pattern 
changes. Automatic, instan- 
taneous recycling. 


PROGRAMONITOR 
Write for Bulletin 505 

_ COUNT-CYCLE 
ADJUSTABLE TO 4000 COUNTS 


ad —_K ni UE EE 














N. O. 
SWITCH OPERATES AT ANY NUMBER 
OF INTERMEDIATE PRESET COUNTS 





N, C. 
—— COUNTS ——ae 


COUNTER ano CONTROL CORPORATION 


5224 W. ELECTRIC AVE. * MILWAUKEE 19, WIS. 
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to 30.0 degree worm lead angle 
range. The standard is set up to 
provide geometric similarity of 
tooth form within the pitches and 
lead angles covered. Simplifica- 
tion of design is obtained by 
standardizing on a minimum num- 
ber of symmetrical double-conica) 
tooth-form cutters and a minimum 
of simplified, standard blank de- 


signs. 


Association Publications 


Bibliography of Hardness and Hard- 
ness Testing from 1937 to 1955. 118 
pages, 7 by 10 in., paperbound, side- 
stapled; published by and available 
from Industrial Diamond Information 
Bureau, London, E.C.1; 5s 6d per 


copy. 


This booklet gives a complete 
bibliography on all branches and 
aspects of hardness, hardness test- 
ing methods, and research work in 
which hardness testing was used 
as one method of an investigation 


Manufacturers’ Publications 


Tool Steel Handbook, 4th Edition. 
204 pages, 8% by 11 in., clothbound; 
published by and available on letter- 
head request from Allegheny Ludlum 
Steel Corp., Advertising Dept., 2020 
Oliver Bldg., Pittsburgh 22, Pa. 


The enlarged and modernized 
fourth edition, like its predeces- 
sors, contains complete data on 
types, properties and applications 
of tool steels. The revised book 
devotes chapters to selection of 
the proper steel, tool steel prod- 
ucts, working of tool and high 
speed steels, heat treating  in- 
formation, and reference tables. 


rr 

Government Publications () 

Proceedings of the 1956 Electronic 
Components Symposium. 240 pages, 
8% by 11 in., paperbound; published 
by and available from Engineering 
Publishers, GPO Box 1151, New York 
1, N. Y.; $5.00 per copy. 


These proceedings of the seventh 
national meeting on _ electronic 
component parts and materials 
present recent information and de- 
velopments in the field. Forty- 
three papers cover a wide variety 
of subjects such as materials prog- 


MACHINE DESIGN 























Tastalling these flexible escutcheons for 
auto and truck door handles is a fast opera- 
tion. No springs are needed to hold them 
in position. There’s no breakage. Metal 
ferrules are simply snapped into place, 
often at the rate of 1500 units per hour. 

These examples are injection molded 
from BAKELITE Brand Elastomeric Vinyl 
Plastic VND-9960. Notice their extremely 
high gloss. They come in a wide variety of 
colors, including striking metallic effects. 

BAKELITE Elastomeric Vinyl Plastics 
are available in several formulations to 
cover a wide range of applications. Their 
flexibility can be varied from semi-rigid 
to soft. Finishes can be glossy or matte. 
Transparent, translucent, or opaque 
effects can be achieved. These materials 
also possess good dielectric strength and 
resistance to water, oil, and many corro- 
sive chemicals. 

Does your product call for this combina- 
tion of service properties and eye-appeal 
plus production economy? Get detailed 
information on BakeELiTeE Elastomeric 


Vinyl Plastics by writing Dept. UM-103. 


For assistance in solving your specific 
problem, you can call on the aid of quali- 
fied Bakelite Company Technical Repre- 
sentatives. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [[¥§ 30 East 42nd Street, New York 17, N. Y. 
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term Bake.rre and the Trefoil Symbol are registered trade-marks of UCC 


Flexible Vinyl Escutcheons 


Step up assembly 
keep up appearance 







Automotive door handle 
escutcheons molded by 

The Jim Robbins Co., 
Detroit, Mich., for 
Automotive Appliance Co., 
Detroit, Mich. 
























BAKELITE 


BRAND 


PLASTICS 
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MOW in one book 


..- what the designer should know about... 


ADJUSTABLE-SPEED DRIVES 


... covers all the basic methods of adjustable speed! 


ELECTRICAL * MECHANICAL HYDRAULIC 


by Robert C. Rodgers, Leo F. ‘Spector, Keith A. Carlson 


“,.. the most comprehensive design guide on 
Adjustable-Speed Drives available anywhere” 





Here, in one book—148 pages, with 24 tables, 119 
charts and 171 illustrations — is what the designer 
should know about adjustable speed. It contains the en- 
tire co-ordinated program of articles which appeared 
in MACHINE DESIGN on main drive and transmis- 
sion types — electric-motor, slip-coupling methods, 
mechanical drives, and hydraulic drives. 


You will find basic analyses of types and selection fac- 
tors, useful listings of nomenclature and symbols, 
charts on control systems, tradename listings, and many 
other practical design details. 


A must for your “working library”. Use the handy 
form below and order your copies today! (Remittance 
enclosed with your order will speed the delivery of 
your copies.) 


MACHINE DESIGN 


Reoder Service 
Penton Building 
Cleveland 13, Ohio 


SEND ME__ 





copies of “ADJUSTABLE-SPEED 
DRIVES” at $2.00 per copy 


[} Remittance enclosed [) Please bill me 


Co 





TITLE — 





COMPANY 





ADDRESS 











city ZONE______STATE 
‘Add 3% to all orders for delivery in Ohio to cover State Sales Tax.) 
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ress, electron tubes, solid state de- 
vices, passive components, treat- 
ment of reliability, theory and ap- 
plications, instrumentation and 
measurements. 


Fundamentals of Brazing. PB 
111697. By N. Bredzs and O. T. Bar- 
nett, both of Armour Research Foun- 
dation, Illinois Institute of Technol- 
ogy; 151 pages, 8 by 10% in., paper- 
bound, side-stapled; available from 
Office of Technical Services, U. 8. 
Dept. of Commerce, Washington 25, 
D. C.; $4.25 per copy. 


This book reports on investiga- 
tion of causes of imperfections in 
brazed joints and factors deter- 
mining the strength of such joints; 
the book also discusses wetting of 
the base metal by the filler metal 
and the influence of oxygen dif- 
fusion through layers of molten 
filler metals upon the wettability. 
The investigation of the tensile- 
strength joint-thickness relation- 
ship is of both practical and theo- 
retical interest. 


Ordnance Research and Develop- 
ment Project Reports. Each publi- 
cation is 81% by 10% in., paperbound, 
side-stapled; copies available from 
Office of Technical Services, U. 8. 
Department of Commerce, Washing- 
ton 25, D. C. 


The following Project Reports 
are available: 


PB 121055. An Experiment in Uni- 
versal Coding. 83 pages, $2.25 per 
copy. 

PB 121056. Medium-Speed Digita) 
Plotter. 35 pages, $1.00 per copy. 

PB 121057. A High-Speed Reader 
for Perforated Tape. 17 pages, 50c 
per copy. 

PB 121060. A High-Speed Shift 
Register. 15 pages, 50c per copy. 


Office of Naval Research Project 
Reports. Each publication is 8% by 
10%4 in., paperbound, side-stapled; 
copies available from Office of Tech- 
nical Services, U. S. Department of 
Commerce, Washington 25, D. C. 


The following Project Reports 
are available: 


PB 111753. A Metallurgical Study 
of Molybdenum. 105 pages, $2.75 per 
copy. 

PB 111943. The Theory of Plastic 
Plates. 23 pages, 75c per copy. 

PB 121117. Electronic Scheduling 
Machine Requirements. 42 pages, 
$1.25 per copy. 
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SELECT-A-SPEPE ee 
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Is your adjustable -speed drive problem different ? 


_.. then it will pay yOu to 
look to Louis Allis for the best solution 


There are several reasons why it pays And here are the drives that can do 

to come to us with your adjustable- the job for you: 

speed drive problems. ajusto-S 

First of all, we have no axe to er ind. Constant 

We can recommend the proper drive for tinuous speed range 

your needs because We make them all. Infinitely adjustab 

There's no compromising. clutch drive. 

Secondly, when you turn your problem select-A-Spede Drives 1/2 to 400 hp. 

over to us, we tackle the whole job 8:1 constant torque speed range 

. assume the entire responsibility- with magnetic amp trit —" 
, Adjustable spee ive motor 
we have more than just 4 : 
et. oe have engineer- puilt in any enclosure. 
ing experience. Electronic and Static. Select-A- 
lot of drive 3/4 to i5 HP DC aajustable 
tell you tor with ed ranges 
kind of da regula (2% 

See your Louis Allis field engineer 
or write and tell us about your prob- 
lems. There's no obligation. 


Write for latest in- 
formative literature 
describing the above 


drives, or contact Se. 
your nearby Lovis y ; 
Allis Sales Office. 


in N = 

2 
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New j 
a ’ 

0 

Machines |: 


Metalworking 


Grinders: Type C-2 14-in. and 1 
LC-2 18-in. cylindrical grinding i 
machines handle workpieces weigh- t 
ing up to 6500 Ib. Controls for ( 
feeds and speeds are located on 
the front of the machine. Com- ( 
bination graduated wheel-feed 
handwheel and indexing mecha- 
nism indicates the amount of in- | 
feed as the wheel rotates past a 
fixed pointer and permits settings 
in increments of 0.0001-in. work 
diameter reduction without visual 
attention. Table speeds for truing 
and grinding are independently ad. 
justable and preset. Table drive 
by hydraulic power is available 
from 2 to 240 in. per minute. 
Metal-to-metal contact in all feed- 
ing mechanisms produces fast 
spark-out. Electrical controls are 
located in an elevated enclosure 
for convenient inspection. Both 
machines are available as plain 
grinders or as _ semiautomatics. 
Norton Co., Worcester, Mass. 

Depth and Contour Mills: Two 
new mills, designed for cutting air- 














Get 10 Integral - Motor-Pump advantages 
in two NEW types (three models) of 


GAST == AIR PUMPS 


dotind PRT ES 








Designers seeking a dependable vacuum 
Or pressure source for industrial instru- 
ments, vending machines, air gauge cir- 
cuits, air sampling, laboratory equipment, 
printing and packaging machinery, etc., 
will find these mew Gast Integral-Motor 
Air Pumps highly advantageous, especially 
where compactness and portability count. 
Consider these outstanding features: 





SOON Oo Se wh 


— 


. Latest type G.E. “Form G” motors. 

. More compact than any pump of equal capacity. 
. Total weight reduced 4—cuts shipping costs. 

. Motor mounting time and labor eliminated. 

. Simple, trouble-free rotary-vane design. 

. Vanes take up their own wear automatically. . 

. Positive displacement, pulseless air delivery. 

. Improved appearance—smoother exterior. 

. Dependable for original equipment; piant use. 

. Forced air fan cooling on Models 0321 & 0521. 


Write for new Bulletins V-356 and P-356! 
GAST MANUFACTURING CORP., 


P.O. Box 
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oe 


117-P, Benton Harbor, Mich. 


*0321 similar in appearance. 


Performance -Vacuum & Pressure 


40 (TT 





Original Equipment Manufacturers for Over 25 Years 


GAST 





ROTARY 








e AIR MOTORS 
TO 4 HP. 
e COMPRESSORS 


TO 30 P.S.1. 


e VACUUM PUMPS 
TO 28 IN. 


SEE OUR CATALOG IN SWEET’S PRODUCT DESIGN FILE 
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frame parts, have a_ high-speed 
spindle and cutter which rout dif- 
ficult contours and mill complex 
aluminum shapes such as wing 
panels, slugs, doors, frames, ribs, 
spars and stiffeners to different 
depths. Basic machine consists of 
a heavy base with a jointed radial 
arm. At the end of the arm is 
mounted a_ direct-drive cutter 
motor available with adjustable 
speeds from 3600 to 14,000 rpm. 
T-slotted table under the arm holds 
the aluminum slab. Model 480 
has a maximum arm extension of 
120 in. from column center to 
spindle center and 60 x 120-in. 
work table. Model 484 has a maxi- 
mum arm reach of 60 in. and a 
work table 30 x 60 in. Cutter 
motor is_ slide-mounted, water- 
cooled and independently adjust- 
able for depth of cut by a separate 
hydraulic cylinder. Other design 
features include mist lubrication 
to motor bearings, double slides, 
and four-position depth stops with 
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New Machines 





micrometer adjustments. Depth 
cutting performance is accurate to 
0.005-in. Ekstrom, Carlson & Co., 
Rockford, Iil. 


Processing 


Ultrasonic Cleaner: Model AP- 
10-B ultrasonic cleaning apparatus 
is designed specifically for bench- 
top operation in the washing of 
delicate and intricate parts such 
as watch mechanisms, instrument 
components, small and miniature 
ball bearings, electronic parts and 
so forth. The unit comprises a 
36-40 kc/sec power generator and 
a cylindrical cleaning tank, with 
transducers hermetically sealed in- 
to the base. Power output of the 
generator is 50 w average, 200 w 
peak on pulses. Tanks are of 1 pt, 
1 qt or %-gal capacity, giving a 
maximum effective cleaning area 
of 18 sq in. Two of the smaller 
tanks can be operated simultane- 
ously and two of the larger tanks 
alternately, depending on tank size 
specified. Cleaning action reaches 
blind holes and complex geometry. 
Branson Ultrasonic Corp., Stam- 
ford, Conn. 


Foil Press: No. 2114-F press with 
50-ton capacity is designed for the 
production of aluminum foil prod- 
ucts such as pie plates and cake 
plates. Precision-type single roll 
feed mounted between the uprights 
takes foil directly from the coil 
and feeds it forward across the 
die area. Feed rolls are 241% in. 
wide and maximum feed length is 
18 in., permitting a wide range of 
both large single-die work or small- 
er multiple-die work. Variable- 
speed drive gives an operating 
range of 60 to 120 strokes per 
minute. All adjustments to the 
press can be made from floor level. 
E. W. Bliss Co., Canton, O. 


Hydraulic Presses: New 30 and 
50-ton hydraulic presses are used 
for rubber and plastic molding, 
testing, and for laminating, either 
on a production or laboratory basis. 
They contain a 5-in. ram with 5-in. 
stroke, and develop up to 60,000 
and 100,000 Ib pressure respective- 
ly on the platens. Platens are pre- 
cision ground and are available in 
12% x 12% and 12% x 18% in. 
sizes. Cast-in heaters, operating on 
220 v ac, permit heating up to 
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INVESTMENT CASTING is one of the few production processes that caters 
to the creativeness of a design engineer. No more frustration caused by the 
limitations of conventional processes. And . . . without sacrificing production 
economy, either! 

If application requirements demand that a “part 
be of intricate shape and unusual contour, of metals 
difficult or impossible to machine, INVESTMENT 
CASTING provides the efficient and economical 
solution to your design and production problems. 












PN CASE IN POINT 
. FREEDOM OF DESIGN. This steel hinge was 


formerly a complicated assembly composed of 
a stamped bracket and machined hinge welded 
together. With investment casting the engineer 
j was able to design the part for utmost efficiency 
as a single piece with substantial savings in 
production costs. 



















A New Service for YOU! 


ARWOOD offers a complete finish-machining service, for your con- 
venience. All Arwood plants can now furnish finish-machined castings 
to your specifications. 


















ARWOOD PRECISION CASTING CORP. 


315 West 44th Street, New York 36, N. Y. 
PLANTS: Brooklyn, W. Y.—Groton, Cona.—Tilton, W. H.—Les Angeles, Calif. 


‘*PIONEERS IN INVESTMENT CASTING” 
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fot infinitely = 
VARIABLE 
SPEED * 


m Fraction 
Fro a 
-20 Horse 


imels old or new 


NEMA Motors 
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'ROTO-DRIVE | 


GobingTROD 


Dept. M56 
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Speed variation up to 8 to 1. 

Mounts in any position. 

No adjustable motor base. 

Operates on fixed centers. 

LOW COST—Saves 40% compared with 
conventional motordrives. 






Offers up to 4 to 
1 speed varia- 
tion. 

V to V drive. 
Exclusive design permits V-belt to 
travel on fixed center line. 

Easily installed. HP ranges fractional 


through 20. 
VAR‘A’CONE 


For frac- 
tional HP re- 
quirements. 
Uses ‘‘A’’- 
section 
V-belt. 





Up to 2% to 1 speed ratios. 

List price low as $5.40. 3 sizes. 

An efficient and low cost method of 
adding variable speed. 


Complete selection standard variable 
speed belts, standard and countershaft 
adjustable motor bases, companion 
sheaves, and flexible couplings. 


Write for 30-page Catalog 





Northbrook, Il. 


(A Suburb of Chicago) 
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600 F. Temperature, controlled by 
individual adjustable thermo- 
switches, is indicated by thermom- 
eters on the front edge of each 
platen. Platens contain coils for 
water cooling and can be adapted 
for steam heating. Each platen has 
its electrical components mounted 
on a separate chassis inside the 
cabinet. They are easily accessible 
through a hinged door. Space be- 
tween columns measures 134 in., 
permitting the use of large molds 
and dies. Models are available with 
single and multiple openings. 
Kingsbacher-Murphy Co., Hydrau- 
lic Div., Hollywood, Calif. 


Testing and Inspection 


Surface Finish Tester: Surface 
finish testing and measuring in- 
strument measures all standard 
surface finish designations. The 
values, either in microns or micro- 
inches, are computed electronical- 
ly as the tracer scans the surface. 
An absolute measurement is ob- 
tained. Unit measures plane or 


curved surfaces, internal and ex- 
ternal diameters and tapers, arbor 
holes 14-in. in diameter and larger. 
Apparatus consists of a measuring 
head which contains the electrical 
feeler system, feed mechanism and 
the components for conversion of 
the electronic values into surface 
index standards; a measuring 
stand to accommodate the measur- 
ing head and workpiece; an elec- 
tric amplifier and a profile record- 
er for a permanent record of the 
surface finish. William J. Hacker 
& Co. Inc., New York. 


Lubricant Testing Machine: 
Model LFW-1 testing machine for 
lubricants tests both bonded coat- 
ings and liquid lubricants. A sta- 
tionary rectangular block is 
pressed with a predetermined load 
against a rotating ring. Resulting 
friction is indicated throughout 
the test by a dial indicator, and a 
counter counts the number of rev- 
olutions of the specimen. Tests 
are based on either the reaching 
of a preselected friction maximum 
or the reaching of a preselected 
temperature value. Alpha Moly- 
kote Corp., Stamford, Conn. 












TIMER RELAY 


that eliminates 
controlled timing 
problems 


% No false contacts 

% Non sticking 

% Practically “fail safe” 
% Low cost timer 


Durakool 


STEEL 





MERCURY TIMERS 












COIL 
ENERGIZED 






This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Any 
combination of operate-release time 
delays from 0.15 sec. to 20 sec. — 
either normally open or normally 
closed action. 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write 


DURAKOOL, INC. 
ELKHART, INDIANA, U.S.A. 
700 WESTON RD TORONTO 9, CANADA 


Send for Bulletin 800 
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Koppers 2-Piece 
Rings Solve 

High Temperature 
Sealing Problems 
for Hydro-Aire 


A Product of Continuous 
Research and Development 
by KOPPERS 


To solve a sealing problem at high temperatures, 
Koppers engineers created a new sealing ring for 
Hydro-Aire, Inc. 


Hydro-Aire, Inc. .. . a subsidiary of Crane Co. ... 
manufactures hot air shut-off valves for aircraft 
applications. Ordinary rubber “O” rings couldn’t 
withstand the high temperatures involved. 


Koppers engineers designed a 2-Piece Sealing Ring 
with extremely close tolerances that provides maxi- 
mum sealing at high temperatures. Primarily designed 
for aircraft applications, this new type ring can be 
used for sealing fuel oil and hydraulic oils as well as 
hot air and other gases. 


The Hydro-Aire application is an interesting exam- 
ple of how highly trained Koppers engineers can solve 
customers’ sealing problems. Koppers engineers in 
your area will be glad to study your applications and 
design the proper type of ring. 





Koppers 2-Piece Seal- 
ing Rings are installed 
on hot air shut-off 
valves manufactured 
for aircraft by Hydro- 
Aire, Inc. Ring inners 
are of stainless steel 
... fing outers are 
made of high chrome 
alloy heat resistant 
cast iron. Diameter 

is 1\” 


To lower your production costs, bring 

a your ring problems to Koppers. Write to 

KOPPERS Koppers Company, Inc., 2311 Hamburg 
- Street, Baltimore 3, Maryland. 


RING-TYPE SEALS 


Koppers Company, iInc., Metal Products Division 
Piston Ring and Seal Department 


Engineered Products Sold with Service 
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WANTED 


Technical Editor 


Here is a real challenge for the right man with enthusiasm 
for writing and a strong creative urge to broaden his perspec- 
tive and assist industry in effectively applying the techniques 


of automation. 


Edited by a competent staff of experienced engineers, 
AUTOMATION has an opening for an engineer with diversi- 
fied manufacturing or production equipment design back- 
ground and editorial or other writing experience. He should 
be able to write well, be familiar with automation engineer- 


ing and have evidence of same. 


Duties include development, writing, editing articles and 


feature departments. 


There will be opportunity to travel on editorial assignments 


and attend meetings, expositions, etc. 
Headquarters in Cleveland, Ohio. 


If you are interested and feel qualified, please send full 
details of your practical engineering and writing experience 
to the Editor, AUTOMATION, Penton Building, Cleveland 
13, Ohio. 
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VERSATILE DIAMOND CHAINS 
SOLVE MANY DRIVE PROBLEMS 
AT LOW COST... 





Short center, high ratio drives 












Driving around obstructions 


Diamond Roller Chain drives 


offer unequaled flexibility of application. They 
transmit power with non-slip precision and 
98-99% efficiency regardless of shaft center dis- 
tances : or speed ratios. 

Obstacles in the drive path are easily avoided. 
Diamond Roller Chain’s light weight and com- 
pactness allow lighter machinery construction, 
eliminate power consuming gear trains and the 
many shafts and bearings they require. 

Diamond Engineers are available now to help 


you solve your drive problems. Write or call DI AMO 
today. 


DIAMOND CHAIN COMPANY, Inc. 








OLLER 
CHAINS 


D 435, oe Kentucky A Indi lis 7, Indi . ° one 
ept. pte entucky Ave., wpe rarer ~td] ana Where Hi gh Qu ality is Tradit j 
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Mf you build 
PRODUCTION EQUIPMENT 
compare this pressure switch 
for RUGGEDNESS, 
DEPENDABILITY and COST 








* With calibrated dial 
(can be set visually 

without gauges) . Adjustable Range 

| 15 to 3000 psi 

Proof Pressures 


3000 and 7000 psi 


Without dial $16.50. 
Both prices less the usual 
quantity and trade discounts. 











WE BUILD IN WE DON’T USE 
RUGGEDNESS 
Can take surges— 
(High proof pressures ) LINKAGES & 
Continuous operation— BEARINGS 
(Millions of cycles) Which wear quickly 
No scking— sina ae 
LABOR & MATERIAL SAVINGS 
UNSEALED 
No return drain piping— PISTONS 
(Sealed piston) 
Mounts where convenient ——_ _ pas yo 
(Operates in any position, ia. 
Not sensitive to vibration) fee oitedl ec dirr-— 
(pistons get stuck). 








BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 
5125 Alcoa Avenve, los Angeles 58, California 







Ask for bulletins 9612 and C9612. 
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NOTEWORTHY 





Wire Holder 

Bundled electrical conductors, such as those that 
make up aircraft electrical-system harnesses, are sup- 
ported and held out of contact with adjacent struc- 




















tural members by a wire holder of cruciform shape. 
Made of insulating material, the holder minimizes 
possibilities of wire chafing or grounding in long- 
run, multiwire installations. No special tools are 
needed for installation of the device, and testing or 
replacement of individual wires can be carried out 
without necessity for disassembly. Patent 2,764,626 
assigned to Boeing Airplane Co. by Harold F. 
Teichroew. 


Antibacklash Gears 

Lost motion or free play in precision spur, helical 
or bevel-gear trains is eliminated by an undercut- 
tooth configuration in an antibacklash gear design. 
Flexing of the free ends of the teeth, which have their 
flanks skewed at a slight angle to the gear axis, ef- 
fectively preloads the gear train when the antiback- 
lash gear meshes conventional gears. Besides taking 
up backlash, the unit cushions shock that may be 
transmitted through the gear train. Friction intro- 
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Why designers prefer 
"“CENTRICS” 


mat -= 
for any type power drive 











: Type A Clutch-Coupling 
for direct (motor) drives 


J "For Direct (Motor) Drives 
\ §°- Type A Clutch-Couplings 





- For Engine and Dual Drives 
Type A Spring Control Clutch-Couplings 
Capacities—fractional to 2500 H.P. 


Type AVL Vertical Lift-Out Clutch- 
Couplings 


Capacities 5 to 1500 H.P. 





One of the complete line 
of Type B Clutches for 
indirect drives 


For Indirect Drives 
Type B Clutches 


Six basic models to fit standard pulleys, 
“V"’ belt, sheaves and sprockets for 
motors, engines and dual drives. 


Prevent Overloads 
Trig-O-Matic Overload Release Clutch 


provides positive torque limit without any 
The new. Trig-0-Matic wearing parts. Lock-out design provides 
Overload Release Clutch complete disengagement. 








CENTRIC CENTRIFUGAL CLUTCHES AND CLUTCH-COUPLINGS 
meet every power drive need in— 
Design ° Construction ° Performance 
—and there’s a complete range of Centric models for every type of drive. 


Design Simplicity means a minimum of working parts for a long trouble-free life. 


Controlled Fabrication—Every part and the working components meet our 
high standards of accuracy and close tolerances. 


Performance—In every case, where Centrics have been installed, operation 
and performance have measured up to complete satisfaction for— 


Smooth Cushion Starts « Acceleration Control e Overload Protection 


Illustrated bulletins are available—a separate bulletin for each type of Centric 
Clutch and Clutch-Coupling. Complete details are given covering operation, sizes 
and ratings. Send for your copy. 


What is your drive problem? May we help solve it 


WwW CENTRIC Zz Compary 


P.O. BOX 175 @ U.S. ROUTE 9 AT MAIN STREET © WOODBRIDGE, NEW JERSEY 
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Here are a few parts turned out on high-speed 
multiple-spindle automatic screw machines in 
quantity. Some are complete as they drop from 
the machine. 


Others require additional finishing operations, 
like the largest piece, a special 10-32 collar screw 
with head formed and flattened on a punch 
press, triple-lead roll-threaded and then cop- 
per plated. 


Your requirements may be for smaller or 
larger pieces. Western’s capacity ranges from 
6 to 4%” round, with all necessary finishing 
equipment for such secondary operations as mill- 
ing, drilling, threading, tapping, heat-treating 
and grinding. 


For fast, reliable delivery, precision quality and 
low cost, it pays you to pul WESTERN on your 
production team. 


Why not send us your blueprints for 
quotations ... today? 









The Western Automatic 


Machine Screw Company 


division of Standard Screw Company 


383 Woodland Ave., Elyria, Ohio 


Precision Parts and Assemblies Since 1873 
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Noteworthy Patents 





duced is slight, making the gear particularly applica- 
ble to computer, instrument, and indicating devices. 
Patent 2,764,034 assigned to Specialties Inc. by Wil- 
liam Hotine. 


Screw-Type Pump 

Pumping action in a screw-tvpe pump is generated 
by eccentric motion of the rotor axis about the fixed 
stator axis, rather than by pure rotation of the rotor. 
Progressive mating of external and internal square 
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threads on the rotor and stator surfaces forces fluid 
along the pump axis from inlet (left) to outlet 
(right). Effective thread-to-thread sealing of the 
unit requires that either rotor or stator be natural 
or synthetic rubber. Sizable solids can therefore be 
passed through the pump along with the liquid with- 
out damage. Unit can pump liquids, air or gases, 
or will function as a vacuum pump. Patent 2,764,101 
assigned to Rand Development Co. by Henry J. Rand. 


Torsional Vibration Damper 

Resonant shaft vibrations of the type encountered 
in internal-combustion engine crankshafts, as well as 
nonresonant torsional vibrations over a substantial 
rotational-speed range, are suppressed by a tuned, tor- 
sional vibration damper. Shown here in a combined 























pulley-damper design, the unit employs a disk-shaped 
inertial mass mounted in a prestressed rubber ring 
as its damping element. Construction permits use 
of relatively hard rubber in the mounting ring, giv- 
ing increased hysteresis and improved durability. 
Natural frequency of the damper varies from 30 to 
60 per cent of engine frequency. Patent 2,764,038 
assigned to H. A. King Co. by Thomas H. Peirce and 
James B. Robinson. 
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.--do you vote a straight AMERICAN ticket? 


American production machines are the backbone 
of America’s competitive economy . . . and why 
settle for anything else? 


There’s no real substitute for American-made 
production machinery in any branch of American 
industry. Designed and built to take the strains 
and stresses of the world’s toughest demands for 
speed and endurance . . . with a minimum of 
down-time and maintenance . . . American ma- 
chines are today more than ever the best buy in 
every field from textiles to metal-working. Yes, 






\VEEDER-ROOT INC, 


“The Name that Counts’ 


} Hartford, Conn. « Greenville, S. C. « Chicago 
New York * Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 


. and here's why it pays to make sure 
that All New Machines you buy 
are equipped with 
NEW VEEDER-ROOT COUNTERS... 


Modern’ Veeder-Root Counters are 
available fer building into... or attach- 


ing onto... all types of production ma- 








chines. They are built with unmatched 
Veeder-Root know-how and quality for 
years of accurate Countrol of produc- 
tion and uniformity. Ask your Industrial 


Supply Distributor or write Veeder- 
Root Inc., Hartford 2, Conn. 


November 29, 1956 


Hand Count- 
ing: Vory-Tally 
Multiple Unit Re- 
set Counters for 
inventory, inspec- 
tion and 1,001 
hand - counting 
jobs. Up to 108 


counters in 1] bank. 





Mechanical 
Counting: Small 
resets count 
strokes, turns, 
pieces ... are 
built into machine 
tools, light presses, 
ete. 


Circle 612 on page 19 





Electrica! Count- 
ing: Remote indicat- 
ing counters (AC or 
DC) bring your pro- 
duction machines as 
close as your office 
wall. May be panel- 
mounted in groups. 





Controlling: Set for 
number of turns, pieces 
or operations re- 
quired. Predetermin- 
ing Counters control 
the run exactly . . 
prevent over-runs ond 
shortages. 
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MARINE 





This marine duty 
motor was de- 
veloped by Peerless to meet the 
standards and specifications of ABS, 
Maritime Administration and 
AIEE #45. It is available in drip- 
proof, splash-proof, totally enclosed, 
spray-tight and water-tight construc- 
tion from % to 30 HP. Peerless 
motors are aboard countless Ameri- 
can and Canadian vessels. Peerless 
has many years’ experience in 
working with marine motor prob- 
lems. Consult our engineers about 
your problems. A letter, wire or 
phone call will bring immediate re- 
sponse. We will work with you to 
produce the one marine duty motor 
design that meets your needs best. 








ELECTRIC MOTOR DIVISION 


tHE PRerless. Electric COMPANY 


FANS . BLOWERS . ELECTRIC MOTORS . ELECTRONIC EQUIPMENT 
1520 W. MARKET ST. + WARREN, OHIO 
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Check these exclusive BRAMMER features 
PRE-STRETCHING 


Minimum stretch guaranteed! That's 
because every foot is pre-stretched 
under controlled tension on specially 
designed machines. 


BRAMMERTOOL 


New application ease! A simple 
touch on the patented tool releases 
links in a jiffy, makes adjustments 
in seconds. 


MANY MORE EXCLUSIVE BRAMMER 
ADVANTAGES ARE SHOWN IN OUR DATA BOOK 
Brammer “V” Link Belting 


Ga your wrt is available in all sizes 


of the baer and types. Free samples 


available upon request. 


Brammer Corp. 684 Broadway, New York 12, N. Y. 
Distributors Located In All Principal Cities 
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SPEED SELECTOR 


VARIABLE PITCH SHEAVES 


Control Speeds on — of Machi es 
9 





Machine Tools 


New! Wide Speed meet Low Cost Sheaves 
Speed Selector Sheaves can 
give your machines or equip- 
ment extra wide-range speed 
control on fixed centers. Effi- 
cient, rugged, simple to use — 
low in cost! Write for Illustrated 
Bulletin. 


+) ad SO) a on ee) | a, Lom 


CHAGRIN FALLS, OHIO 


Materials Handling 
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 @eut tubing costs 
up to 


B2O% | 


over copper 
with ALCOA 
UTILITUBE 















































for plastics 








moldin 

Whatever your tube needs may be, con- 3g 

sider ALCOA Utilitube which offers sub- presses 
| stantial savings. Made of a special ALCOA itvedi“éanenue 
Alloy, this coiled aluminum tube can save s P 

up to 40% over copper tube for lubricat- dissipate 

ing lines, fuel lines, air lines or hydraulic - 

fluid lines. hydraulic 

Compare these advantages: heat SS a 


tics transfer molding press 


a a ea a a ea i = = 
— —— ee ee eee ee ee ee ee ee ee 


LOW COST— actually costs up to 40% less 
per foot than copper tube. 


LONG LENGTHS—available in economical 
long lengths up to 1,000 feet. Eliminates Carbon Deposits in Pumps and 


EASY WORKABILITY—bends easily, work- Maintains Viscosity of Hydraulic Oils ... 
hardens less. 





To insure proper dissipation of hydraulic heat, the above 





CORROSION-RESISTANT — resists most in- 
dustrial atmospheres, many gases and plastics press was equipped with low cost Young Type “F” 
ets Heat Exchangers. Heat is built up as liquid plastic at 300 


LIGHT WEIGHT— only \% the weight of cop- 
per; long lengths easier to handle. 

i: NO SLUDGE OR GUM— will not contribute | action Young Coolers maintain a maximum operating 

to the formation of sludge or gum in lubri- om: . : ‘ 

cating oils, gasoline. | temperature of 115° EF in the hydraulic fluid. This heat 
AVAILABILITY — your ALCOA distributor removal is accomplished with minimum pressure drop 
carries ample ALCOA Utilitube i = stock. | using a minimum of water. Young Heat Exchangers also 
FITTINGS—readily available in aluminum 
from several manufacturers. 


to 500° E is forced into the mold chamber. Under this 


prevent the possibility of carbon formation in pumps. 








Available in fixed or removable tube bundle models for 


either fresh or salt water service. Write Dept. 306-L 


NTILTURE 
JUL i for FREE Catalog 













UTILITUBE 
NT! if Complete details in the 
vii FREE booklet, Alcoa | Put ng (alent 
Utilitube. Send for it. . k ' 
i mais \ o wor Or YOU eee 


i Solving heat transfer problems is what we do 
i best because it is our very reason for being. You, 
too, can harness the power of Young engineering 











































ALC OA 13) | talent. Write, wire or call without obligation. 
e 4] 
; 
: ALUMINUM ji | 
®ACOA ia | 
fia ee arm : RACINE, WISCONSIN: 
Lone mee eRe 
ALUMINUM COMPANY OF AMERICA Cuca HEAT TRANSFER ENGINEERS. FOR inpustey 
909-L. Alcoa Building, Pittsburgh 19, Pa. Aes tihepee itr nating prices hw Heotine, Cooliae, Ale Conditioning a" 
Executive Office: Recine, Wisconsin, Plants. ot Racine, Wisconsin, Mattoon, Iilinal 
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Linear VEE-DAM rings 


Here's the revolutionary, split-V-Ring design that 
makes other hydraulic packing obsolete! Linear 
VEE-DAM Rings assure absolutely leakproof per- 
formance—even without precise fitting. 


% Sturdy rubber dams (A) hermetically seal off 
center groove sections when rings are stacked 
together ... eliminate labyrinth flow. External 
abutments (B) provide stabilizing support and 

prevent lateral leakage. Even when gaps occur 
at ring joints, fluid can't leak past VEE-DAM Rings. 


% Save on installation and maintenance . . . reduce 
down time, with Linear VEE-DAM Rings—a real 
achievement in hydraulic packing design! They're 

available in a variety of compounds to meet 
extremes of pressure and temperature. Get the 
facts now. 


‘PERFECTLY ENGINEERED PACKINGS 


LINEAL 


LINEAR, Inc., STATE ROAD & LEVICK ST., PHILADELPHIA 35 
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“EVALUATING ENGINEERS” 


by Randolph W. Chaffee 


_, « to recognize talent 
and reward achievement 


te a ahioeen: yardsti 
are ® established 


Appraising creative ; 
engineering requirements 


Ranking Summeiry 
engineering _ of job 
jobs values 


Classification 
listing of job requirements 
and related typical positions 


Assessing creative 

Allocation performance 

of 
positions 

to A brilliant discussion of meth- 

grades ods for job evaluation and merit 

rating in creative engineering 
by one of the country’s out- 
standing authorities in this field. Use the order form 
below and get your copies while the supply lasts. 
Remittance with your order will greatly facilitate han- 
dling. 


SEND FOR YOUR COPIES TODAY! 
























(Add 3% to orders for delivery in Ohio to cover State Sales Tax.) 


| MACHINE DESIGN Send me copies of “EVALUATING } 
: Reader Service ENGINEERS” at $1.00 per copy. : 
1 Penton Building (] Remittance enclosed ' 
| Cleveland 3, Ohio —) Please bill me : 
' ' 
| NAME TITLE : 
' ' 
1 COMPANY 
' ' 
1 ADDRESS ' 
' ! 
; city ZONE___STATE : 
' ' 
' ' 
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RUN MACHINES AT THEIR BEST SPEEDS 
For only *29.00* 


you can buy 
this versatile 


i VARIABLE SPEED 
{REDUCTION UNIT 


SOCKET SCREW ENGINEERING DATA 


New socket set screw 
facilitates 
automatic assembly 


Screw design with full-length 
socket eliminates slow, tedious 
handling of tiny set screws 







Hene’s a high quality, thoroughly depend- 
able Men-E-Uses Variable Speed Reduction 
Unit that’s cheaper than most single-purpose 
speed reducers and yet brings you advantages 
like these... 


1. Unequalled range of speeds for maximum 
versatility of application. A simple pulley 


Men-E-Uses 








change sets speeds from 1 to 750 r.p.m. Model No. 1 
2. Adjustable motor support—drive can be 20 to 750 r.p.m. with Ya to . * 
mounted on either side of motor. % H.P. motors. Sane Slow production, operator fatigue, large floor area 
© Weshi> qudvesnd folnt exesing mais a — requirements are a few of the difficulties encountered 
alignment easy. Te: with hand assembly of components fastened by small 
4. Sturdy cast aluminum base and gear wire-Ssi 
housing with machined joint that requires Also Model No. 2 3 size socket set screws. 
no gaskets. (not thereted) Bristol’s new, patented Thru-Broached socket set 
5. Delivered d fe ion— i to r.p.m. with % to . . * 
5 peo ee y for operation—nothing HP, motors. Shipping weight screw posepieeres, ey gps ee by —“ 
pectin 3 > automatic assem of the small screws practical. The 
Follow the example of leading machinery Price: $68.00* - . y ” P t 
manufacturers—put |Men-E-Uses Variable socket goes entirely through the center of the new 
ucers to work now! rite, wire , ; i i 
er pheno today for mere facts or to place  *Gublent te chaneo wither! screw so that it can be wrenched from either end with 
an order. notice equal ease, facilitating hopper feed (either end up) 


to an automatic power screw driver. 


e 

Hopper feeding and power driving increase the rate 

—_ Someone of assembly and reduce the required assembly bench 
DEPT. M, YORK, PENNA. Established in 1898 area. Operator fatigue is alleviated with automatic 
Circle 619 on page 19 handling of the tiny fasteners. What’s more, cross- 





re threading of small screws is greatly reduced. 
The holding power of these new screws equals that 
ADDED l1gredepy of conventional cup-point socket set screws; thus 


they’re interchangeable with conventional screws of 
Fi Y, Hoy the same diameter. Write for complete data on this 
NNN) a 
We il) See ...HAS MADE 


outstanding new socket set screw. A.6.10 
EK & BOCK 
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WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B’s KNOW-HOW pays 
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out in EXTRA performance. Rely —" 
on expert engineers for parts that —_— 
meet your exact needs and save 1¢e10lee- in 


you MONEY! Get Wire Forms, 
Springs and Stampings that are 


easily assembled . . . that 
withstand stress . . . and 
perform under the most 

trying conditions! 


PEEDY DELI very 


- WRITE — WIRE — or PHONE 
for Estimates and Delivery Dotes 


DUDEK & BOCK 


Phoue : SPRING MFG. CO. 





» 












Precision socket screw manufacturers since 1913 
Bristol's Hex Socket Screws 4 Bristol's Muttiple- 


flo 


*Made in sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap Screws up to 144”. 














DICKENS 2-1020 4014 W. Grand, Chicago 51, Ill. 
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Reliability 
Accuracy 
Economy 


e ULTIMATE in SIMPLICITY and COMPACT- 
NESS—only the Graham is a straight line 
extension of a standard induction motor—or 
available without motor. 

@ UNLIMITED SPEED RANGE—from any de- 
sired maximum speed to zero, including re- 
verse if wanted without stopping motor. 

@ UNMATCHED ACCURACY—of speed setting 
and resetting and speed holding. 

@ NO PERISHABLE PARTS—such as belts or 
tubes, requiring periodic replacement. 

@ PROVED PERFORMANCE— Twenty years sat- 
isfactory use as standard equipment. 

e@ LOW COST—a better job for less money. 


GRAHAM TRANSMISSIONS, INC. 


Dept. MD, Menomonee Falls, Wis. 


ENGINEERED 
GE and RATED 
for "ROUND 


the CLOCK 


e reliable variable speed drive made SERVICE 


204 Cirele 622 on page 19 











MAYLINE 





MAYLINE 


Convenience 
in the 





Only the May-O-Matic table gives the draftsman 
filing and reference combinations of auxiliary drawer 
unit, 5 drawer plan file, bookshelf, and sliding 


aNITAVW 


reference top,—convenience at its best. 


Get the facts on this advanced automatic drafting 


table. See your local dealer today. 


Symbo! of Superiority 


MAVLINE 


MAYLINE CO. 
601 No. Commerce St. 
Sheboygan, Wisconsin 





METAL PLAN FILE 





MAYLINE 
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Design Guide to 


“Adjustable-Speed 
Drives” 


@ ELECTRICAL 
@ MECHANICAL 
© HYDRAULIC 





Here, in one book—148 pages, with 24 tables, 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 

$7.00 


per copy 


MACHINE DESIGN reaver service 


Penton Building Cleveland 13, Ohio 
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for High Pressure you'll want 


ANCHOR 
Ductile Sleeve Type Couplings 





Here's 
hy: 
ates! STRONGER GRIP 
This exclusive ANCHOR potented coupling 
has a long, uniform grip mode possible 
by a ductile sleeve that is imbedded into 
the grooves on the inside of the shell and 
into the steel reinforcing wires of the 
hose. It virtually becomes an _ integral 
part of the wire braid of the hose, ond is 
your insurance against blow-offs 


Anchor High Pressure Hose Assemblies, 
incorporating the exclusive Anchor Duc- 
tile Sleeve Couplings, can be supplied 
in a full range of sizes from 4" to 1%’ 


1.D. and with Minimum Burst Pressures 
to 28,000 P.S.1. For the complete story 
on Anchor High Pressure Hose Assem- 
blies, WRITE TODAY FOR CATALOG No. 
100. 





396 North Fourth Street, Libertyville, Illinois 
Dallas, Tex., Piymouth, Mich. 





Branch Offices: 


LEAK-PROOF 
The inner tube of the hose is 
compressed against the grooves 
of a steel insert, creating a 
positive seal which prevents 
ony leokage of oil even under 
extreme pressures. 





Andy Anchor says: 

You will find the wealth of en- 
gineering doto included in the 
following catalogs extremely 
helpful. Write for them today! 


Catolog No. 202—Anchor Adap- 
tor Unions, Pipe Fittings and the 
new SAE Boss Type Adaptors— 
See Standords, Poge 825, 1956 
SAE Hondbook. 


Catalog No. 301—Anchor Reus- 
oble Couplings. 


Coetalog No. 400 — Anchor 
FLANCO Split-Flonge Couplings 
which conform to SAE Stand- 
ards, Page 823, 1956 SAE Hand- 
book. 
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There’s a 





GRIPBELT 


for every purpose! 


No other source offers such a wide selection of V-belts 

. . from FHP to steel cable belts, including versatile Grip- 
link and Griproll, and unique new Poly-V. These combine 
with Browning’s variety of sheaves tq form the most com- 
plete V-drive line. For every power transmission need, con- 
tact your Browning distributor. He will serve you promptly, 
efficiently. Write for free catalog GC101, showing whole line. 
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NEW 
On-the-Job 


RECORDS 








Every day, earth mover, truck, tractor, 


grader, shovel, crane, dozer, oil field and 
power unit operators are establishing NEW 
on-the-job RECORDS with MORLIFE* 
CLUTCH equipped machines. They report 
more continuous hours of heavy-duty, off- 
highway work, with fewer clutch adjust- 
ments, than ever before. Some of the latest 
records will be featured in the Rockford 
Clutch booth at the Road Show in Chicago. 


Hew MORLIFE* CLUTCHES 
and CLUTCH PLATES Give- 


MORE Clutch Life (400% MORE) 





on aaa clutch 
has gone 851 
hours without 
slipping or 
adjustment.” 


cf 


“MORLIFE clutch 
going strong 


U 
*TRADE MARK roan 


**MORLIFE 
clutches last 950 
hours longer, 
without adjust- 
ment.” 





“MORLIFE clutch 
needs adjust- 
mentoncea 
month, instead 
of daily.” 


co 


**MORLIFE re- 
quires lighter 
handle pull and 
one tenth the 
adjustments." 


“MORLIFE pulls 
harder and lasts 
= to ten times 
longer.’ 


MORE Torque Capacity (100% MORE) 
MORE Heat Resistance (50°% MORE) 


Get full information about this record- 
breaking improvement in heavy-duty 


clutches by writing Department E. 


ROCKFORD 
Clutch Division 
BORG-WARNER 


311 Catherine St., Rockford, Ill. 
Export Sales Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 
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“Won't buy @ 
unit that isn't 
equipped with 
Durable MOR- 
UFE clutch.” 

8. W. ENGINEERING 
MAKES IT WORK 


ENGINEERING 


BW 





PRODUCTION 


8. W. PRODUCTION 
MAKES IT AVAILABLE 


G800C069 
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From all indications the jet age will 
be dwarfed by the age of the ap- 
plication of atomic power to air- 
= craft. An opportunity to enter this 
unusual field in its early stages is 
now offered the qualified engineer 
by General Electric’s Aircraft Nu- 
clear Propulsion Department. 


Nes 





WAT \ 


Assignments will invoive the designs 
of mechanical components and sys- 


ENGINEER 
tems for use with aircraft nuclear 


DESIGN power plants. For this work an ME 
degree or equivalent is needed, plus 
3 to 5 years experience in design of 


nuclear mechanical devices, structures or sys- 


tems analysis. Though not essential, 


aircraft presto sa gen plant field is 
H Publicati f h , F 
BNGINES — tx sporoorate ‘came or open 
literature is encouraged. 
mechanical 
components 


and systems 


OPENINGS IN CINCINNATI, OHIO 
AND IDAHO FALLS, IDAHO 


Address replies in contidence, stating 
salary requirements, to location you 


prefer: 

J. R. Rosselot L. A. Munther 
P.O. Box 132 P.O. Box 535 
Cincinnati, 0. idaho Falls, Idaho 


GENERAL @@ ELECTRIC 
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CLEVELAND OPPORTUNITIES 
FOR 
MECHANICAL ENGINEERS 


If you have had professional experience and 
want to take advantage of increasing oppor- 
tunities for professional advancement—SEE 
US: 

@ Research 

@ Development 

@ Design 

in 
Bearing and Friction Materials 

Conduct studies to expand knowledge of 
frictional and wear properties of lubricated 
and unlubricated bearings, washers and seals 
with emphasis on high speed, high tempera- 
ture applications. 


Please write: E. A. Gentry, Personnel Man- 


CLEVITE RESEARCH CENTER 
540 East 105th Street 
Cleveland 8, Ohio 


The Clevite Research Center develops new principles 
and new products for other units of Clevite Corpora- 
tion. It is a young organization where good work is 
quickly recognized. Your professional growth will 
be accelerated by your association with people from 
other fields such as physics, electronics and chemistry. 
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AUTOMATIC 
CLUTCHES AND 
TRANSMISSIONS 


for Gasoline Engines 
Gas Turbine Engines 
Electric Motors 





Do you have a clutch problem? 
Since 1936 Salsbury has been 
solving clutch problems by 
designing and manufacturing 
automatic clutches and trans- 
missions for a wide range of 
applications. 


1161 E. Florence Ave. SALSBURY 


Los Angeles 1, Calif. ‘aon Eel Ganon. 
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ENGINEERS 


AVAILABLE OR WANTED 





WANTED: Mechanical Engineers. Research and Develop 
ment. Interesting positions open for mechanical engineers 
on a wide variety of projects in the following fields: Ex- 
perimental Stress Analysis, Mechanism Analysis. Machine 
Design, Servomechanisms. B.S. to Ph.D. in mechanical engi- 


neering with three to five years’ experience in one of these 
fields essential. These are permanent positions offering an 
opportunity to use your initiative and creative ability. We 
offer excellent employee benefits including tuition-free gradu- 


ate study. For employment application, call CAlumet 5-9600, 
or write Mr. J. A. Metzger, Armour Research Foundation of 


Illinois Institute of Technology, 10 West 35th Street. Chicago. 


Illinois. 
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“One of our important tools in making steel 
is the Business Press” 


says CLIFFORD F. HOOD, President, United States Steel Corporation 


“Producing quality steel in quantities to meet to- 
day’s tremendous needs is a complex technical job. 
An army of specialists with precision equipment 
has replaced the old-time melter and roller. It is the 
knowledge and ability of these men and women of 
specialized skills which has enabled America’s steel 
industry to outproduce the world. 

“America’s Business Press is just as much a part 
of their equipment as the modern instruments and 
mills which produce the steel. With the constant in- 
terchange of ideas from their specialized magazines, 
eur people in the steel industry from top manage- 
ment right down the line are able to keep abreast of 
the march of steel progress.” 

You will find that top men like Mr. Hood, in 
every industry use business publications as a prime 


source of information about their own industry and 
their markets. And they not only read the editorial 
content, but they also place equal weight on your 
advertising message — for there, too, they find val- 
uable information. 

Write for list of NBP publications — see how you 
can pin-point your market through the use of these 
technical, scientific, industrial, merchandising and 
marketing magazines. 


NATIONAL BUSINESS PUBLICATIONS, INC. 


1413 K Street, N. W., Washington 5, D.C. + STerling 3-7535 
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Advantages — 


By J. E. GutzwiLLer 


De Laval Steam Turbine Company 





Interchangeability—The De Laval Steam Turbine Company 
was one of the first, if not the very first, manufacturer of 
heavy duty machinery to build worm gearing with inter- 
changeable parts manufactured under limit gage control. 
Thus, worm and gear sets of like center distances but of 
different ratios can be readily interchanged if revision of 
speeds becomes necessary. Standard parts are always avail- 
able for maintenance. 





Standard 141° involute 
spur gear tooth 

and old time 

worm tooth. 








20° stub gear tooth, 








De Laval 

Worm Gear Tooth. 
Note, line of pressure 
falls inside 

base of tooth. 

















, 


of Worm Gearing 


Assistant Chief Engineer, Worm Gearing Department 







High Shock Load Capacity—The worm gear tooth form is 
such that the gear teeth are under a crushing, rather than a 
bending load. For this reason extremely high momentary 
and shock loads, damaging to many forms of gearing, can be 
successfully withstood. High momentary overloads seldom 
cause failure, as worm gear ratings are figured on the wear 
resistance of the gear teeth. 

Long Life—Bronze gear teeth maintain their correct form 
due to the regenerating action of the hardened steel worm, 
which retains its original shape throughout years of wear. 
A worm gear drive actually improves with service. This fact 
is peculiar to worm gearing and contributes to its recognized 
long life. 

Smooth, Quiet Power—De Laval worm gearing transmits 
power by a continuous shockless action. Three or more 
teeth are in contact at all times, giving an even flow of 
torque and uniform angular velocity and eliminating vibra- 
tion, pulsation, chatter and customary gear noises. 
Compact Right Angle Drive—The use of worm gearing makes 
a neat, closely coupled, compact drive, with the motor 
shaft at right angles to that of the driven machine. 
Larger Gear Ratios Simplify Design—Worm gearing offers 
larger ratios of speed reduction in a single compact set, 
another space-saving feature for the design engineer. The 
larger gear ratios obtainable in a single worm and gear set 
reduce the number of moving parts required. 

Safety and Ease of Maintenance—The small number of 
moving parts in a worm gear drive may be readily enclosed, 
thus avoiding the hazard of exposed moving parts. Assuming 
proper lubrication, worm gearing operates with minimum 
attention, even under the most adverse conditions. 


If you have a problem in the selection or application of 
worm gearing, De Laval engineers will be glad to put their 
experience to work for you. Either write us giving complete 
information, or consult your local De Laval representative. 
De Laval Steam Turbine Company, 858 Nottingham Way, 
Trenton 2, New Jersey. 
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A Challenging Engineering Opportunity. . . 


= Technical Editor Wanted 


e Here is your chance to gain a broad 
knowledge of the design engineering 
field and related activities. 


e Edited for engineers, by engineers, 
MACHINE DESIGN has an opening on 
the editorial staff for a man with en- 
thusiasm both for engineering and for 
writing and editing. 


e He will work on a stimulating job 
that provides interesting contact with 
diversified problems in a variety of en- 
gineering areas. 


e Additionally he will be encouraged to 
progress as a specialist in one or more 


of the branches of design engineering. 


e He should have had some design ex- 


perience, and an EE or ME degree would 
be desirable. 


e He should be able to write fluently 
and well, and should show evidence of 
such ability. 


e Duties include the procurement, selec- 
tion, writing and editing of articles and 
feature departments. 


e Headquarters are in Cleveland, with 
opportunities for travel to attend meet- 
ings and expositions and to seek mate- 
rial for publication. 


e If you are interested and feel qualified, 
send full details of your engineering and 
writing experience to the Editor, MA- 
CHINE DESIGN, Penton Building, 
Cleveland 13, Ohio. 











still the 
All-American First 


Master Gearmotors have given more mil- 
lions of hours of satisfactory service in 
the field than all other makes combined. 


CONTINUOUS LIFE TESTING 
MAINTAINS 
CUSTOMER SATISFACTION 


For five years without stopping, these 
two 326 frame single reduction gear- 
motors were run continuously 24 hours 
a day at full load, one as an induction 
generator, the other as a gearmotor. 
When shut down and inspected, Master’s 
conservative design showed gear wear of 


How can we help YOU? less than .001”. 


THE MASTER ELECTRIC COMPANY ° Dayton 1, Ohio 


Circle 502 on Page 19 





LL it takes is a phone call today to 
get your rush order of Timken® 
52100 steel tubing on its way tomor- 
row. We ship within 24 hours of your 
order because we stock 101 different 
sizes of 52100 tubing—from 1” to 
10%” O.D., all available for less-than- 
mill quantity orders. 


Timken 52100 steel can save you 
money as well as time. It can be used 
in place of many more expensive 
steels for hollow parts jobs that call 





Twice around the clock or less—and your order for 
TIMKEN 52100 steel is on its way to you 


for a steel that’s hard and tough, yet 
easy to machine. 52100 is through- 
hardening in moderate sections and can 
be heat treated to file hardness and 
tempered back to any desired point. 


Timken 52100 steel is ideal for 
parts such as: aircraft parts, ball bear- 
ing races, pump parts and plungers, 
collets, bushings, spindles, grinding 
machine parts, precision instrument 
parts. 


The Timken Company is America’s 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 





SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS 


Circle 503 on page 19 





pioneer producer of 52100 steel tub- 
ing, and the only company that makes 
this steel in tubing, bars and wire. Our 
unequalled experience assures you of 
uniform steel quality from tube to tube, 
heat to heat, and order to order. 


For immediate delivery of your 
less-than-mill quantity orders of 
52100 steel, write, wire or phone The 
Timken Roller Bearing Company, 
Steel and Tube Division, Canton 6, 
Ohio. Cable address: ‘““TIMROSCO”. 


STEEL TUBING 












